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GENERAL INTRODUCTION 
 
 
 
CHAPTER 1 
GENERAL INTRODUCTION 
 
Brain research has received a lot of attention since 1990-2000, which was declared the 
‘Decade of the Brain’ in the United States and many western countries. Advances in brain 
imaging techniques led to a rapid increase in knowledge of the structure and functions of 
the human nervous system. In particular, insights about neuronal networks and their 
involvement in learning have received considerable interest. Knowing how the brain 
acquires, stores and retrieves information is crucial to understand learning. Furthermore, 
neuroimaging studies have enhanced our understanding of brain development and 
maturation in children and youth. These studies revealed that brain development is not 
completed after childhood or in early adolescence, but continues to improve throughout 
adolescence into adulthood. It is believed that neuroscientific insights not only improve 
our understanding of learning and development, but also provide practical implications 
that have potential to improve educational practices (Byrnes & Fox, 1998; Jolles et al., 
2005, 2006; OECD, 2002, 2007). This has led to the emergence of a new research field, 
called educational neuroscience, which is dedicated to both fundamental and applied 
aspects of the brain-behavior relationships which are pertinent to education and to the 
elaboration on their implications for educational practice.  
Yet, knowledge of the brain is necessary but not sufficient to completely understand 
learning processes and learning performance. Learning is dependent upon the context in 
which one develops and is therefore intricately linked to both biological factors, 
psychological factors and socio-cultural factors. For example, the outcome of the learning 
process is contingent upon a number of other factors in the cognitive and psychological 
domain, such as intelligence (Colom, Escorial, Shih, & Privado, 2007; Dodonova & 
Dodonov, 2012), self-control skills (Duckworth & Seligman, 2005), attitudes towards 
school and learning (Steinmayr & Spinath, 2009) and also the socio-economic background 
(Bradley & Corwyn, 2002). Therefore, learning should be examined according to a bio-
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CHAPTER 1 
psycho-social approach, where biological as well as contextual factors are taken into 
account. This approach is called educational neuropsychology, and comprises a separate 
domain within the field of educational neuroscience. The focus of educational 
neuropsychology is on 1) the learning child/adolescent and his/her skills, motivations and 
attitudes, 2) the learning environment (home situation and school) and 3) the 
didactical/teaching systems and procedures. This contextual approach to learning may 
have viable applications for educational practice.  
Until now, several initiatives have been taken to discuss the possible applications of 
brain research for educational practice. In 1999, a large project on ‘Brain and Learning’ 
was started by the Organization for Economic Co-operation and Development (OECD) and 
the Centre for Educational Research and Innovation (CERI). This project delivered 
implications for policymakers about the role of brain science for education, as described in 
the report ‘Understanding the Brain: Towards a New Learning Science’ (2002). A follow-up 
of this project was initiated by The Netherlands Organization for Scientific Research 
(NWO), in consultation with the Dutch Ministry of Education, Culture and Science. They 
formed a ‘Brain and Learning Committee’ which organized multiple activities, including an 
invitational conference about ‘Brain, Learning & Education’. The main conclusions from 
this conference were described in the report ‘Brain Lessons’ (Jolles, et al., 2005, 2006). 
The experts concluded that it is of “utmost importance to further investigate how these 
findings [from brain research] can contribute to the improvement of educational research 
and practice”.  
The Brain and Learning Committee (2005, 2006) additionally emphasized that there is 
a strong need for scientific validation of the practical applications of brain science to 
educational settings. A close connection between research and practice in education is 
considered crucial to proceed towards evidence-based education (Dommett, Devonshire, 
Plateau, Westwell, & Greenfield, 2011; Jolles, et al., 2005, 2006; Owens, Murphy, 
Richerson, Girio, & Himawan, 2008). Until now, multiple transdisciplinary research 
communities have been formed on ‘Brain, Learning and Education’. In 2004, the 
International Mind Brain and Education Society (IMBES) was established, followed by the 
Special Interest Group (SIG) ‘Neuroscience and Education’ of the European Association for 
Research on Learning and Instruction (EARLI) in 2009. The rapidly growing relevance of the 
domain is further illustrated by the launch of two new scientific journals dedicated to 
translational research, called Mind, Brain and Education (2007) and Trends in 
Neuroscience and Education (2012). 
Driven by these scientific revolutions, this thesis is dedicated to translational research 
in the field of brain, learning and education. The primary focus of the thesis is on learning 
performance of young adolescents (10-14 years). The age-range was chosen because early 
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GENERAL INTRODUCTION 
adolescence is characterized by large developmental changes, with marked differences 
between boys and girls. Furthermore, adolescents switch from primary to secondary 
school in this period. The developmental changes together with the educational transition 
make adolescents between 10 and 14 years of age interesting to study. Consequently, the 
main aims of this thesis were 1) to study the learning adolescent and examine individual 
differences in factors underlying school performance and 2) to evaluate ‘Brain & Learning’ 
interventions based on principles from the emerging discipline of educational 
neuropsychology in school settings (D'Amato, Fletcher-Janzen, & Reynolds, 2005; Hale & 
Fiorello, 2004). These aims are described in more detail after a short overview of the 
current literature on this topic. 
 
BACKGROUND  
Adolescent development 
Adolescence is the transitional period between childhood and adulthood, starting with the 
onset of puberty (Blakemore, Burnett, & Dahl, 2010). This period is characterized by large 
behavioral and physical changes. Research in the domain of human neuroscience using 
brain imaging techniques has shown that both structural and functional brain 
development continues during this age-period (Giedd, 2004, 2008; Gogtay et al., 2004; 
Paus, 2005). Late maturation was particularly found in prefrontal brain areas and in brain 
networks in which prefrontal structures are involved. These brain areas underlie the 
executive functions, processes which are responsible for goal-directed and contextually 
appropriate behavior (Miller & Cohen, 2001). The executive functions involve attentional 
control functions, cognitive flexibility (updating working memory, shifting, self-monitoring) 
and goal setting (initiating, planning and organization, decision-making) (Anderson, 
Anderson, Northam, Jacobs, & Catroppa, 2001). Together with ongoing brain 
development, cognitive abilities continue to improve throughout adolescence and into 
adulthood. For instance, improvements with age have been found in processing speed, 
response inhibition, working memory and flexibility (Anderson, et al., 2001; Best & Miller, 
2010; Kail, 1991; Leon-Carrion, Garcia-Orza, & Perez-Santamaria, 2004; Luciana, Conklin, 
Hooper, & Yarger, 2005; Luna, Garver, Urban, Lazar, & Sweeney, 2004). Furthermore, 
large changes occur in social and affective processing throughout adolescence. This results 
in a heightened vulnerability for peers and social acceptance during this age-period (Crone 
& Dahl, 2012; Steinberg, 2005). 
 
Individual differences in development 
The order in which brain areas develop seems uniform, yet there are major individual 
differences in the rate of brain development (e.g., De Bellis et al., 2001; Lenroot et al., 
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2007). For instance, the rate of brain maturation was found to differ between boys and 
girls (De Bellis, et al., 2001; Lenroot, et al., 2007). Between 10 and 15 years of age, the 
maturation of executive functions and underlying prefrontal brain areas lags 1 to 4 years 
behind in boys (Anderson, et al., 2001; Lenroot, et al., 2007). This might explain why 
inattention, impulsive behaviors and poor planning abilities are characteristic for many 
boys in this age-range. Yet, these executive abilities are important for school success (Best, 
Miller, & Naglieri, 2011; Blair & Diamond, 2008; Demaray & Jenkins, 2011; Endedijk, 
Denessen, & Hendriks, 2011; Latzman, Elkovitch, Young, & Clark, 2010). In school, students 
need to neglect distracting information and to keep attention for a longer period of time. 
They need to be able to control impulsive behaviors in order to stay focused in class. In 
addition, for homework to be completed in time, students need good planning abilities 
and they have to prioritize between various subtasks. Therefore, immaturity of the 
executive abilities between age 10 and 15 may be one explanation for poorer school 
performance of boys than girls in this age-period. This example shows that developmental 
neuroscience can provide new insights that are relevant in the context of learning. It 
suggests that it is important to study how factors underlying school performance change 
in relation to age. Individual differences in brain, cognitive and affective development may 
therefore explain part of the variability between students’ learning outcomes. 
 
Determinants of school performance 
Besides executive abilities, many more factors are responsible for adolescents’ school 
performance, ranging from biological, cognitive, psychological and cultural factors. 
Therefore, learning and school performance should be studied using a multidimensional 
approach. This thesis will focus on two different factors that underlie learning 
performance: processing speed and motivational goals. Both factors are important for 
school performance. Processing speed relates to the efficiency with which students 
process new information and retrieve pre-existing knowledge. During an average school 
day, students are confronted with a wealth of information. It will be beneficial for their 
school performance if they process and retrieve information quickly and efficiently 
(Dodonova & Dodonov, 2012). It is important to examine whether processing speed 
continues to improve throughout adolescence, and whether this development is sex-
specific. Furthermore, motivational goals have an important effect on school performance 
(Steinmayr & Spinath, 2009). Students differ in the goals they have to involve in learning 
activities (Deci & Ryan, 2000; Dweck, 1986; Elliot, McGregor, & Gable, 1999). Some 
students are curious and interested in the study material, whereas others may be 
primarily interested in obtaining good grades. There are also students who lack school 
motivation and put minimal effort in school-related activities. From childhood to 
10 
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adolescence, there is a general decline in school motivation (Wang & Pomerantz, 2009). It 
is therefore of importance to examine whether there is a shift in motivational goals during 
development, and to examine whether there are sex differences in this respect. This may 
enhance our understanding of individual differences in learning performance. 
 
Translational research in the field of Brain, Learning and Education 
There is a large interest among scientists, teachers and students to implement 
neuropsychological insights into educational practice (Pickering & Howard-Jones, 2007; 
Serpati & Loughan, 2012). There are several insights that could potentially improve 
educational practices and learning outcomes (Byrnes & Fox, 1998; Jolles, et al., 2005, 
2006). For instance, understanding basic processes underlying learning and memory 
formation may help teachers to improve their teaching practice (Dommett, et al., 2011). 
Furthermore, knowledge of brain functions and development can positively influence 
teachers’ patience, optimism and professionalism with students (Hook & Farah, 2012). In 
the past, some scientists have been skeptic whether neuroscientific findings could directly 
be translated into classroom practices (Bruer, 1997). However, the current view on 
educational neuroscience is that fundamental knowledge about learning and development 
generates valuable hypotheses that can be tested in educational practice (Fischer et al., 
2007; Spitzer, 2012). Yet, scientists have pointed at the ‘gap’ between teachers and 
scientists, related to different languages, approaches, goals, and expectations (Ansari, 
Coch, & De Smedt, 2011; Ansari, De Smedt, & Grabner, 2011; Goswami, 2006; Howard-
Jones, 2005, 2008; Howard-Jones & Fenton, 2011). Therefore, they argue that an 
infrastructure needs to be created in order to connect neuroscience and education. A 
close collaboration and dialogue between neuroscientists, educational scientists and 
practitioners is considered necessary for a successful transfer of neuroscientific findings to 
educational practice (Dommett, et al., 2011; Jolles, et al., 2005, 2006; Owens, et al., 2008). 
In other words, there is a strong need for translational research to make progression in 
the field of brain research and education (Jolles, et al., 2005, 2006; Spitzer, 2012). 
 
Teachers’ knowledge of ‘Brain & Learning’ 
Teachers are often eager to learn more about the brain (Pickering & Howard-Jones, 2007; 
Serpati & Loughan, 2012). Yet, the field of neuroscience is complex and results from brain 
imaging studies are difficult to interpret without sufficient familiarity with the research 
methods and study designs. Brain images and neuroscientific explanations seem very 
credible to laypeople, even when these are incorrect (McCabe & Castel, 2008; Weisberg, 
Keil, Goodstein, Rawson, & Gray, 2007). Therefore, there are concerns that many 
misconceptions about ‘Brain and Learning’ exist among educators (Goswami, 2006; OECD, 
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2002, 2007). This indicates a need to investigate the current knowledge of teachers about 
‘Brain & Learning’ and their visions regarding application in practice. Furthermore, given 
the lack of teacher trainings on this topic, it is considered important to invest in 
scientifically validated teacher trainings in this field (Jolles, et al., 2005, 2006). 
 
An educational neuropsychology intervention 
Neuropsychological insights may also have viable applications for students. Students are 
often interested in the brain (Cameron & Chudler, 2003; Foy, Feldman, Lin, Mahoney, & 
Sjoblom, 2006; Zardetto-Smith, Mu, Phelps, Houtz, & Royeen, 2002). Neuroscientific 
knowledge can provide insight into adolescent development, which might lead to a better 
understanding of their own behavior. Knowledge about external influences on learning 
may help them to exert more control over their learning process. It has been argued that 
interventions based on neuropsychological principles may have viable applications for 
school settings (Jolles, 2011). Neuropsychological interventions that include 
psychoeducation, strategy training and group discussions have their origin in the domain 
of health care, where experimental interventions were developed and targeted at elderly 
people and patients with mild to moderate executive dysfunction (Hoogenhout, de Groot, 
& Jolles, 2011; Hoogenhout, de Groot, van der Elst, & Jolles, 2012; In de Braek, Dijkstra, 
Ponds, & Jolles, 2012; Valentijn et al., 2005; Van Hooren et al., 2007). These intervention 
components may as well be beneficial to adolescents with immature executive abilities. 
For example, young adolescent boys are often impulsive and find it difficult to engage in 
goal-directed behaviors. This can interfere with their ability to learn and make them more 
susceptible to poor school outcomes (Demaray & Jenkins, 2011). Interventions that 
include psychoeducation, strategy training and group discussions may have positive 
effects on goal-directed behaviors and subjective well-being (Jolles, 2011). Currently, 
there is a high need to evaluate the effects of such neuropsychological interventions 
which are based upon the recent insights in the domain of ‘Brain & Learning’. 
 
THESIS OUTLINE  
Aims 
This thesis aims to study the learning adolescent from a multidimensional point of view. 
The primary focus was on young adolescents (10-14 years) because this period is marked 
by large developmental and educational changes. The aims were twofold. The first aim 
was to provide more insight into individual differences in learning during early 
adolescence. Age- and sex differences were examined in two different determinants of 
school performance, namely goal orientations and processing speed. The second aim was 
to explore whether learning and school performance could be enhanced by 
12 
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implementation of neuropsychological insights into educational practice. This involved 
teacher professionalization in the field of educational neuroscience, as well as dedicated 
interventions for young adolescents about the brain and its involvement in learning. The 
thesis reflects on the feasibility and effectiveness of such interventions for both teachers 
and adolescents. 
 
Approach  
Five different studies were conducted to achieve the above described aims. Data for 
Chapter 2, 3 and 4 were derived from two large cross-sectional studies (N = 309 and N = 
910) among Dutch adolescents and their parents. Data collection took place in six primary 
and four secondary schools. Adolescents aged 10-19 years completed questionnaires 
and/or cognitive tasks. A group administration procedure was applied, enabling rapid and 
efficient data-collection. Parents returned questionnaires on background characteristics. 
School grades were retrieved from the schools’ administration. The data presented in 
Chapter 5 were derived from a large observational survey among teachers in the United 
Kingdom and the Netherlands. The online survey was completed by 242 teachers from 
primary and secondary schools who were interested in the neuroscience of learning. For 
the study described in Chapter 6, a teaching module was implemented in 40 Dutch high 
school biology classes. Teachers taught three lessons about ‘Brain & Learning’ in grade 8-
9. A waiting-list control group design was used. Assessment took place after the 
intervention group implemented the teaching module, and before the waiting-list control 
group had been involved with the intervention materials. For both teachers and students, 
assessment consisted of completion of online questionnaires. The large intervention study 
presented in Chapters 7-12 encompassed stepwise development, implementation and 
evaluation of a novel five-week neuropsychological intervention in the school setting. This 
intervention aimed to improve self-regulation skills of young adolescent boys (12-14 
years). A train-the-teacher model was used to implement the intervention in educational 
practice. The novel intervention was compared with the conventional type of support. The 
study had a controlled design with random group assignment. Evaluation took place with 
both quantitative and qualitative measures. 
 
Chapter overview 
Part 1 comprises five empirical articles, related to individual differences in school 
performance during adolescence and teacher professionalization in the field of 
educational neuroscience.  
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Chapter 2 investigates age and sex differences in goal orientations using a new 
methodology. Adolescents read vignettes (short student characterizations) reflecting 
four goal orientations and indicated which vignette most resembled them. Sex 
differences in goal orientations were examined in two age-groups (10-14 years vs 14-
19 years). 
 
Chapter 3 examines whether the goal orientation vignettes described in Chapter 2 
relate to adolescents’ school performance. It additionally assessed the mediating 
effect of metacognitive self-regulation on this relationship. 
 
Chapter 4 investigates age and sex differences in efficiency of information processing, 
a process important for many aspects of school performance. Young adolescents (13 vs 
15 years) performed a coding task based on over-learned symbols. Also, efficiency of 
information processing was related to real-life school performance. 
 
Chapter 5 examines the prevalence and predictors of misconceptions about the brain 
among teachers. An online survey about the brain and its involvement in learning was 
completed by 242 teachers in the United Kingdom and the Netherlands. The 
relationship between the number of neuromyths and diverse teacher characteristics 
(e.g., age, sex, education level) was examined.  
 
Chapter 6 evaluates the effects of a teaching module about ‘Brain & Learning’ in 40 
Dutch high school biology classes. Teachers’ knowledge of brain functions and student 
evaluations were the outcome measures. Evaluation took place with online surveys in 
a waiting-list control group design. 
 
Part 2 includes six chapters that altogether provide a full description of the development, 
implementation and effectiveness of a neuropsychological intervention in educational 
practice.  
 
Chapter 7 describes the need to improve self-regulation skills of young adolescent 
boys (12-14 years). It provides the theoretical background for a neuropsychological 
intervention in the school setting.  
 
Chapter 8 presents the content of a new intervention, called Brain Lessons. It describes 
the structure and main aims of each lesson.  
14 
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Chapter 9 describes the method of implementation and research design. It describes 
the stepwise development of the intervention and the collaboration between 
scientists and practitioners.  
 
Chapter 10 examines the effects of Brain Lessons on cognitive outcome measures. 
Participants were 80 boys of high educational tracks with poor self-regulation skills. 
They were randomly assigned to either the neuropsychological or control intervention. 
Pre-posttest evaluation of intervention effects took place with cognitive tasks and 
cognition questionnaires.  
 
Chapter 11 is an in-depth analysis of the effects of Brain Lessons on qualitative 
outcome measures. A subset of the sample (N = 32) described in Chapter 10 
participated in semi-structured interviews after intervention completion. This provides 
insight into the experiences and real-life behavioral changes that resulted from the 
interventions.  
 
Chapter 12 reflects on the effects and deliverables of the project Brain Lessons.  
 
Chapter 13 presents an overview of the main conclusions of this thesis and provides 
suggestions for future research. 
15 
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SEX DIFFERENCES IN GOAL ORIENTATION 
 
 
 
 
CHAPTER 2 
 
Sex differences in goal orientation in adolescents 
aged 10-19: The older boys adopt work-avoidant 
goals twice as often as girls 
 
Dekker, S., Krabbendam, L., Lee, N.C., Boschloo, A.M., De Groot, R.H.M., & Jolles, J. 
 
Abstract 
This study investigated sex differences in goal orientation during adolescence. 910 
Adolescents aged 10-19 years read vignettes of students reflecting four goal orientations 
and indicated which student they resembled most. Boys and girls from two age-groups 
(10-14 versus 14-19 years old) were compared. Multinomial logistic regression was 
performed with goal orientation as dependent variable, including level of parental 
education as a covariate. Results showed that girls were more likely than boys to endorse 
mastery goals (48% vs 39%) or performance-avoidant goals (20% vs 14%). Boys more often 
endorsed work-avoidant or performance-approach goals. At age 14-19 years, work-
avoidance was more than twice as common for boys as girls (27% vs 12%). With age, 
mastery goals decreased (from 52% to 36%), whereas work-avoidant goals increased 
(from 8% to 18%). These age and sex differences in goal orientations may be a possible 
explanation for boys’ lower academic achievement compared to girls’ and show a need for 
early intervention. 
 
Learning and Individual Differences, in press.  
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INTRODUCTION 
Across countries, boys and girls differ in academic achievement in the advantage of girls 
(Van Langen, Bosker, & Dekkers, 2006). This gender gap in achievement may possibly be 
explained by differences in motivation for learning. Goal theory is one of the most 
prominent theories in motivation research, which conceptualizes motivation as the 
striving to reach goals (Dweck, 1986). Students set different goals to guide their approach 
to learning. These goal orientations have the potential to explain sex differences in school 
achievement, as they relate to academic achievement (Steinmayr, Bipp, & Spinath, 2011; 
Steinmayr & Spinath, 2008, 2009) and various academic behaviors (Bong, 2009; Daniels et 
al., 2008; Elliot, McGregor, & Gable, 1999; Sungur, 2007; Vansteenkiste, Sierens, Soenens, 
Luyckx, & Lens, 2009; Wang & Pomerantz, 2009; Wolters, 2004). Commonly, four different 
goal orientations are distinguished: mastery, work-avoidant and two performance goals 
(see Table 2.1) (Dweck, 1986; Elliot, et al., 1999). This study examined sex differences in 
goal orientations during adolescence.  
Boys aged 13-17 years were found to endorse work-avoidant goals more often than 
same-aged girls (Freudenthaler, Spinath, & Neubauer, 2008; Steinmayr, et al., 2011; 
Steinmayr & Spinath, 2008). Mastery goals were found to decrease with age until at least 
age 15 (Wigfield & Cambria, 2010); sex differences were less consistently found in mastery 
and performance goals (Freudenthaler, et al., 2008; Meece, Glienke, & Burg, 2006b). 
Inconsistencies have been attributed to sample differences (Meece, et al., 2006b), but 
may also result from a lack of uniformity in assessment instruments. Usually, goal 
orientations are assessed with sum-scores based on multiple items on Likert-scale 
questionnaires (Wigfield & Cambria, 2010). Yet, some items in these questionnaires were 
found to be biased for sex (Van der Sluis, Vinkhuyzen, Boomsma, & Posthuma, 2010), i.e., 
the individual items did not relate to the same underlying construct for boys and girls.  
To avoid sex-related item biases, the current study proposes a new methodology to 
assess goal orientations. We designed short student characterizations, so-called vignettes, 
each reflecting student behavior of one of the four goal orientations. Respondents 
indicated which of the students they resembled most. During adolescence, students 
become increasingly occupied with their role and social position (Brown, 2004). Therefore, 
comparing themselves with peers may be easier for adolescents than rating their behavior 
on multiple items. As each response option is justifiable, social desirable responses were 
minimized. The single response option furthermore eliminates response style biases, e.g. 
acquiescence bias or extremity bias. A strength for educational practice is that vignettes 
yield information about the prevalence of goals, which is more revealing for teachers than 
dimensional scores.  
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In conclusion, the present study was designed to increase knowledge about sex 
differences in goal orientations. Adolescents in two age-groups indicated which goal 
orientation vignette most resembled them. Work-avoidant goals were expected to be 
more prevalent among boys, mastery goals more prevalent among girls. With age, a 
decrease in mastery goals was expected. We had no a priori hypotheses about age and sex 
differences in performance goals, or age differences in work-avoidant goals.  
 
Table 2.1 Characteristics of goal orientations 
Goal orientation Characteristics 
Mastery  Eager to learn - Curious - Focus on deep understanding 
Work-avoidant  Do not like learning - Invest little effort in school  
Performance-approach  Aim to demonstrate superior ability - Focus on rewards 
Performance-avoidance  Aim to avoid failures - Focus on minimizing embarrassments 
 
METHOD 
Participants 
The sample included 910 adolescents from grades 5-12 (45% boys; 98% Dutch nationality), 
aged 10.2-19.2 years. All secondary school students (grade 7-12) followed higher general 
secondary education or pre-university education tracks. Of the 926 students originally 
participating in this research, N = 16 were excluded because of missing values. 
Adolescents were divided in two age-groups: younger than 14 years (N = 412, M age = 
12.6, SD = 0.92) and 14 years and older (N = 498, M age = 16.0, SD = 1.31). Level of 
Parental Education (LPE) was low/medium in 38% and high in 62% of the participants. 
 
Procedure 
This study is part of a larger cross-sectional study in adolescents, which was approved by 
the ethical committee of VU University Amsterdam. Participants were recruited from six 
primary and four secondary schools in the Netherlands. Students and their parents 
received information letters about the study. Both were asked to give informed consent. 
Response rate was 30%. The procedure was equal for primary and secondary school 
students. Parents returned a questionnaire on background characteristics. Students 
completed questionnaires in the classroom, during a regular lesson, under supervision of 
two trained researchers who gave instructions and checked whether the questionnaire 
was complete when it was handed in. It took approximately 40 minutes to complete all 
questionnaires, including the goal orientation vignettes.  
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Measures 
Demographics  
Participants completed a questionnaire on background characteristics and reported age, 
sex and educational track. Parents rated their level of education on a commonly used 8-
point rating scale, ranging from primary school to university degree (De Bie, 1987). LPE 
was defined as the highest educational level attained by both parents. LPE was split into 
low/medium and high, with low/medium reflecting parents who had at most a secondary 
vocational educational level.  
 
Goal orientation 
We designed short characterizations, or vignettes, of students that differed in goal 
orientation. We distinguished mastery students, two work-avoidant students (one best 
described by ‘lazy’; the other by ‘indifferent about school’), performance-approach and 
performance-avoidant students. Mastery and performance vignettes were based on a 
questionnaire by Simons, Dewitte & Lens (2004). The work-avoidant vignettes were 
designed for this study; key features were similar to characterizations of work-avoidance 
by Harackiewicz and colleagues (2008), namely ‘doing the least amount of work possible’ 
and ‘lack of motivation to work hard’. A full description of the vignettes can be found in 
the Appendix. Participants selected the vignette that reflected the goal they mainly 
endorse for all academic activities. The order in which the vignettes were presented to the 
participants was fixed: (1) Performance-avoidant, (2) Work-avoidant [indifferent], (3) 
Performance-approach, (4) Mastery and (5) Work-avoidant [lazy]. This order was chosen 
to decrease socially desirable responses, which could have occurred if the mastery 
vignette were presented first and the work-avoidant vignettes last.  
 
Data analysis 
The frequency of the work-avoidant [indifferent] type was very low (1.5%), therefore data 
of both work-avoidant vignettes were combined into one work-avoidant category. Thus, 
all analyses were performed on four goal orientations, namely mastery, work-avoidant, 
performance-approach and performance-avoidant goals. Goal orientations were equally 
distributed over both educational tracks (χ2(3, N = 739) = 5.54, p = .136), therefore the 
factor educational track was left out of the analyses. Multinomial logistic regression was 
performed with goal orientation as a dependent variable. To analyze all possible contrasts 
between the four goal orientations, the regression analysis was repeated with three 
different goals as reference category. Independent variables were age-group (young=0; 
old=1) and sex (boys=0; girls=1). LPE was included as a covariate because this factor has 
been shown to moderate sex effects (Meece, et al., 2006b). First, a full factorial model was 
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run including the interaction term age-group*sex. In absence of significant interactions, 
the regression analysis was repeated without the interaction term, because we did not 
have specific hypotheses about interactions. Level of significance was α = 0.05. 
 
RESULTS 
Descriptives 
Analysis of frequency showed the percentages of students in each of the four goal 
orientations (see Figure 2.1). In both age-groups, mastery oriented students were most 
prevalent. In the younger age-group, 47% of all boys and 59% of all girls reported mastery 
goals. Thus, about half of the students aged 10-14 years considered themselves mastery 
oriented. In the older age-group (14-19 years), these percentages were lower: 32% for 
boys compared to 39% for girls.  
Work-avoidant goals were more frequent among boys, in particular in the older age-
group. More than a quarter (27%) of all boys aged 14-19 years considered themselves 
work-avoidant. This was more than twice as many as girls (12%) from the same age-group. 
Within performance goals, boys and girls were unevenly distributed over approach and 
avoidance goals. Approach goals were more often endorsed by boys (28%) than girls 
(22%). In contrast, girls endorsed avoidance goals more often than boys (20% versus 14%).  
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30%
40%
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70%
Boys 10-14 years Girls 10-14 years Boys 14-19 years Girls 14-19 years
Mastery 46,8% 59,2% 32,4% 39,2%
Work-avoidant 10,0% 7,1% 27,1% 12,2%
Performance-approach 30,3% 17,1% 24,8% 25,3%
Performance-avoidant 12,9% 16,6% 15,7% 23,3%
 
Figure 2.1 Descriptives of age and sex differences in goal orientation 
 
The significance of these age and sex differences was examined using multinomial 
logistic regression analyses (see Table 2.2). 
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Table 2.2 Results Multinomial Logistic Regression 
 
Reference category: Mastery 
  95% CI for Odds Ratio 
 B (SE) Lower Odds Ratio Upper 
Mastery vs. Work-avoidant 
Intercept -1.38 (.458)**    
Age-group -1.24 (.226)*** .186 .289 .451 
Sex .922 (.213)*** 1.66 2.51 3.82 
LPE .049 (.076) .905 1.05 1.22 
Mastery vs. Performance-avoidant 
Intercept .009 (3.38)    
Age-group -.677 (.192)*** .349 .508 .740 
Sex -.099 (.195) .618 .906 1.33 
LPE -.104 (.066) .792 .901 1.03 
Mastery vs. Performance-approach 
Intercept -.546 (.360)    
Age-group -.487 (.170)** .440 .615 .858 
Sex .466 (.170)** 1.14 1.59 2.22 
LPE -.003 (.060) .886 .997 1.12 
Note: R2 = .069 (Cox & Snell), .075 (Nagelkerke). Model χ2(9) = 65.5, p < .000.  
* p < .05, ** p < .01, *** p < .001. 
 
 
Reference category: Performance-avoidant 
 95% CI for Odds Ratio 
 B (SE) Lower Odds Ratio Upper 
Performance-avoidant vs. Performance-approach 
Intercept -.555 (.428)    
Age-group .190 (.213) .796 1.21 1.84 
Sex .564 (.213)** 1.16 1.76 2.67 
LPE .101 (.073) .959 1.11 1.28 
Performance-avoidant vs. Work-avoidant 
Intercept -1.39 (.510)**    
Age-group -.563 (.260)* .342 .569 .949 
Sex 1.02 (.247)*** 1.71 2.78 4.50 
LPE .153 (.086) .985 1.17 1.38 
Note: R2 = .069 (Cox & Snell),.075 (Nagelkerke). Model χ2(9) = 65.5, p < .000.  
* p < .05, ** p < .01, *** p < .001. 
 
 
Reference category: Performance-approach 
 95% CI for Odds Ratio 
 B (SE) Lower Odds Ratio Upper 
Performance-approach vs. Work-avoidant 
Intercept -1.01 (.499)*    
Age-group -.142 (.370) .420 .868 1.79 
Sex .824 (.281)** 1.31 2.28 3.96 
LPE .050 (.081) .420 .868 1.79 
Age * Sex -1.06 (.490)* .132 .345 .902 
Note: R2 = .075 (Cox & Snell), .082 (Nagelkerke). Model χ2(12) = 71.2, p < .000.  
* p < .05, ** p < .01, *** p < .001.
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Multinomial logistic regression analysis, reference category: Mastery  
The model with age and sex was significantly better than the model without these 
predictors, χ2(9) = 65.5, p < .000. According to Nagelkerke’s measure, age and sex 
explained 7.5% of the variance in goal orientation.  
 
Mastery versus Work-avoidant 
There was no interaction effect between age-group and sex (Wald χ2(1) = .860, p = .354). 
Main effects were found both for age (b = -1.240, Wald χ2(1) = 30.1, p<.000, Exp(B) = .289) 
and sex (b = .922, Wald χ2(1) = 18.7, p<.000, Exp(B) = 2.51). The odds ratio for age showed 
that when age-group changed from young (0) to old (1), the change in the odds of being 
work-avoidant rather than mastery oriented was 0.29. In other words, the odds of young 
adolescent to be mastery oriented than work-avoidant were 1/0.29 = 3.45 times more 
than for older adolescents. This shows that adolescents aged 10-14 years were more likely 
than older adolescents to be mastery oriented than work-avoidant. Furthermore, girls 
were more likely than boys to be mastery oriented than work-avoidant. The odds ratio 
showed that as sex changed from male (0) to female (1), the change in the odds of being 
mastery rather than work-avoidant was 2.51.  
 
Mastery versus Performance-avoidant 
A main effect was found for age (b = -.677, Wald χ2(1) = 12.4, p<.000, Exp(B) = .508). The 
odds of being mastery rather than performance-avoidant oriented was 1/0.51 = 1.97 
times more for the younger adolescents than the older adolescents. This shows that 10-14 
year old adolescents were more likely than older adolescents to endorse mastery goals 
than performance-avoidant goals. No sex effects (b = -.099, Wald χ2(1) = 0.26, p >.05) 
neither interaction effects (Wald χ2(1) = .214, p = .644) were found.  
 
Mastery versus Performance-approach  
A main effect was found for age (b = -.487, Wald χ2(1) = 8.18, p = .004, Exp(B) = .615), 
indicating that younger adolescents were more likely to be mastery than performance-
approach oriented compared to older adolescents. As age-group changed from young (0) 
to old (1), the change in the odds of being mastery rather than performance-approach 
oriented was 0.62. Thus, the odds that a young adolescent was mastery rather than 
performance-approach oriented were 1/0.62 = 1.63 times more than for an older 
adolescent. There was a main effect of sex (b = .466, Wald χ2(1) = 7.48, p = .006, Exp(B) = 
1.59). As sex changed from male (0) to female (1), the change in the odds of being mastery 
rather than performance-approach was 1.59. This indicates that girls were more likely to 
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endorse mastery than performance-approach goals. There were no interaction effects 
(Wald χ2(1) = 3.47, p = .06). 
 
Multinomial logistic regression analysis, reference category: Performance-avoidant 
The model with age and sex was significantly better than the model without these 
predictors, χ2(9) = 65.5, p < .000. According to Nagelkerke’s measure, age and sex 
explained 7.5% of the variance in goal orientation.  
 
Performance-avoidant versus Performance-approach 
There was no interaction between age-group and sex (Wald χ2(1) = 1.12, p = .289). Age-
group did not show a main effect in the contrast performance-approach and performance-
avoidant orientation (b = .190, Wald χ2(1) = .796, p > .05). There was a main effect of sex 
(b = .564, Wald χ2(1) = 7.04, p = .008, Exp(B) = 1.76). As sex changed from male (0) to 
female (1), the change in the odds of being performance-avoidant rather than 
performance-approach was 1.76. Thus, girls were more likely to be performance-avoidant 
than performance-approach oriented.  
 
Performance-avoidant versus Work-avoidant  
There were main effects of age (b = -.563, Wald χ2(1) = 4.68, p = .031, Exp(B) = .569) and 
sex (b = 1.02, Wald χ2(1) = 17.1, p<.000, Exp(B) = 2.78), showing that older adolescents and 
boys were more likely to be work-avoidant than performance-avoidant. As age-group 
changed from young (0) to old (1), the change in the odds of being performance-avoidant 
rather than work-avoidant was 0.57. Thus, the odds of a young adolescent to be 
performance-avoidant oriented than work-avoidant were 1/0.57 = 1.76 times more than 
for an older adolescent. For sex, the odds ratio showed that as sex changed from male (0) 
to female (1), the change in the odds of being performance-avoidant rather than work-
avoidant was 2.78. There was no interaction between age-group and sex (Wald χ2(1) = 
1.31, p = .252). 
 
Multinomial logistic regression analysis, reference category: Performance-approach 
The model with age and sex was significantly better than the model without these 
predictors, χ2(12) = 71.2, p < .000. According to Nagelkerke’s measure, age and sex 
explained 8.2% of the variance in goal orientation.  
 
Performance-approach versus Work-avoidant 
An interaction effect between age and sex was found (b = -1.06, Wald χ2(1) = 4.71, p = 
.030, Exp(B) = .345). The odds ratio showed that as sex changes from male (0) to female 
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(1) in combination with a change from the young (0) to the older (1) age-group, the 
change in the odds of being work-avoidant compared to performance-approach was 0.35. 
In other words, when the adolescent transits from the young to the older age-group, boys 
are 1/0.35 = 2.90 times more likely than girls to be work-avoidant rather than 
performance-approach. Thus, older boys were more likely than younger boys to endorse 
work-avoidant goals than performance-approach goals.  
 
DISCUSSION 
This study examined sex differences in goal orientations of young (10-14 years) versus 
older (14-19 years) adolescents using vignettes as an assessment instrument. The results 
indicated that mastery and performance-avoidant orientations were more prominent in 
girls than in boys. The chance that students endorsed work-avoidant or performance-
approach goals was larger for boys than for girls. With respect to age, it was shown that 
the chance of endorsing mastery goals compared to any other goal was larger in young 
adolescents than in older adolescents. Likewise, older adolescents had a higher chance 
than younger adolescents to be work-avoidant than mastery or performance-oriented.  
Importantly, the vignette approach provided additional information about the 
prevalence of goals students primarily endorse. Our results show both age and sex 
differences in mastery goals. Girls were more likely than boys to endorse mastery goals: 
48% of the girls compared to 39% of the boys. This is in line with some (Steinmayr, et al., 
2011) but not all (Freudenthaler, et al., 2008; Steinmayr & Spinath, 2008) previous studies. 
With respect to age, our results extend previous evidence of decreases in mastery 
orientation in students aged 6-15 years (Wang & Pomerantz, 2009; Wigfield & Cambria, 
2010), showing that the prevalence of mastery goals continues to decrease even after age 
14 (from 52% to 36%). Thus, interventions aimed at promoting mastery goals should 
preferably be implemented as early as possible, at least before 14 years of age. 
Opposite to the age-related decreases in mastery goals, work-avoidant goals were 
more prevalent among 14-19 year olds than younger counterparts (18% versus 8%). This 
may suggest that with age, students’ primary goal shifts from mastery to work-avoidant. 
This seems particularly true for boys: one of four boys (27%) aged 14-19 years considered 
himself work-avoidant, which was more than twice as large compared to girls (12%). These 
results concretize previous findings that older adolescents and boys were more likely to be 
work-avoidant (Freudenthaler, et al., 2008; Steinmayr, et al., 2011; Steinmayr & Spinath, 
2008). Work-avoidant goals have been related to less adaptive academic outcomes 
(Wigfield & Cambria, 2010). Therefore, the higher frequency of work-avoidant goals in 
boys aged 14-19 years may explain the gender gap in achievement, and indicates a need 
for intervention in this specific population. 
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Sex differences were also found in performance goals. Performance-approach goals 
were more prevalent in boys (28%) than girls (22%), whereas performance-avoidant goals 
were more often reported by girls (20%) than boys (14%). Thus, one fifth of all participants 
indicated that they were focused on extrinsic rewards and sensitive to judgments of their 
performance. This could have beneficial short-term effects, i.e., good grades, but negative 
long-term effects, i.e., poor retention or mastery of study materials. Further, one of five 
girls worries about making mistakes in the classroom, which is likely to affect their school 
performance. Therefore, teachers should select their evaluation measures carefully. 
Competitive assignments with a focus on comparisons within a class of students may 
increase the motivation of performance-approach students, but may hold back 
performance-avoidant students.  
Previous research has shown that goal orientations can be influenced by changing the 
classroom goal structure (Luo, Hogan, & Paris, 2011; Meece, Anderman, & Anderman, 
2006a). When teachers emphasized the importance of mastery of the study material, 
more students endorsed a mastery orientation. Likewise, performance goals became more 
prominent when teachers emphasized the importance of good grades (Luo, et al., 2011). 
Thus, role models like teachers (Murayama & Elliot, 2009) but also parents (Ginsburg & 
Bronstein, 1993; Meece, et al., 2006b) and peers (Van Houtte, 2004; Warrington, Younger, 
& Williams, 2000) have been shown to influence the type of goal orientation. Sex 
differences in goal orientations may therefore be explained by differential approaches and 
expectations for boys and girls in the classroom. Yet, next to social influences, biological 
factors could also be responsible for sex differences in goal orientations. Sex differences in 
interest, activities and personality variables have been explained by early sex differences 
in androgens (Berenbaum, 1999). Also, individual differences in rate of brain development 
could be responsible for sex differences (Giedd, 2008; Lenroot et al., 2007). In particular, 
the interplay between these possible explanations warrants further research. 
Although the order of the vignettes was fixed for all participants, order effects were 
not likely, since the mastery vignette was selected most often even though it was 
presented as one of the final options. Yet, generalization to the whole student population 
should occur carefully, as our sample was homogeneous with respect to LPE, ability level 
and ethnicity. Further, as participation was on voluntary basis, the present sample might 
give an underestimation of the actual prevalence of work-avoidant students. Further, our 
sample size was too limited (Kreft, 1996) to analyze school and class differences in 
classroom goal structure. Additionally, the reported age effects could be confounded with 
potential effects of the two different school forms (primary and secondary school), as the 
younger age-group included students from both schools. Furthermore, students may 
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change their goals per school subject or endorse multiple goals simultaneously (Meece, et 
al., 2006b). This was not addressed in the present study. 
In conclusion, this study expands our understanding of sex differences in goal 
orientations during adolescence. Assessing goals with vignettes has the advantage of 
minimizing the chance of response biases. Furthermore, it provides additional information 
about the prevalence of the different goals which is much more revealing for educational 
practice than dimensional scores derived from questionnaires. In general, our results 
showed that boys endorsed less adaptive goals, which may be a possible factor explaining 
their lower academic achievement compared to girls.  
 
 
 
 
 
APPENDIX Goal orientation vignettes 
 
Mastery vignette: I am very curious and I like learning new material. A lot of subjects in 
school interest me. Of course I feel good when I receive a good grade, but I find mastering 
the material the most important thing.  
 
Performance-approach vignette: In order to show my abilities, I want to receive good 
grades. I engage in learning because I want to receive higher grades than my classmates. I 
feel good when I am doing better than others. I think it is not so important to understand 
the material, as long as I receive good grades. 
 
Performance-avoidance vignette: I think it is important to avoid looking stupid. Therefore, 
I worry when answering questions in the classroom and I worry when making a mistake. I 
want to avoid others thinking that I do not understand the material. 
 
Work-avoidant [lazy] vignette: I do not think it is very important to put much effort in 
school. I do not like to learn. I don’t feel like working hard to receive good grades. 
Therefore, I sometimes fail to do my homework.  
 
Work-avoidant [indifferent] vignette: I do not put much effort into school. Most often, I 
do not make my homework, because I find other activities more important than learning. I 
do not like to learn new material. Grades are not important to me.
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CHAPTER 3 
 
Dominant goal orientations predict differences in 
academic achievement during adolescence 
through metacognitive self-regulation  
 
Dekker, S., Krabbendam, L., Lee, N.C., Boschloo, A.M., De Groot, R.H.M., & Jolles, J. 
 
Abstract 
This study investigated whether academic achievement was predicted by the goal which 
generally drives a student’s learning behavior. Secondly, the role of metacognitive self-
regulation was examined. Goals were assessed using vignettes of students that reflect four 
goal orientations. 735 adolescents aged 10-19 years indicated which student they 
resembled most. Age, sex and level of parental education were controlled for. Results 
showed that students with motivation goals of the intrinsic and performance-approach 
types obtained higher grades than students characterized by the learning-avoidant goal 
type. Intrinsically motivated students showed the best metacognitive self-regulation skills 
of all students. Better self-regulation skills predicted higher achievement. This shows that 
vignettes explained achievement differences. This suggests that teachers should stimulate 
students’ intrinsic motivation and self-regulation skills. 
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INTRODUCTION 
The period of adolescence is characterized by significant physical and psychological 
changes. One of these developmental changes takes place in motivation for learning. This 
motivation has often been conceptualized as the striving to reach goals. These goals 
reflect a student’s underlying reason to put effort into school (Dweck, 1986; Elliot, 
McGregor, & Gable, 1999). Students differ with regard to their so-called goal orientation 
(see Chapter 2, Table 2.1). The goal orientation endorsed most often for all learning 
activities by a student is regarded as the dominant goal orientation. Throughout 
adolescence, students generally become less motivated. Consequently, less adaptive 
motivational goals become more prevalent with increasing age (e.g., Wang & Pomerantz, 
2009). This can have a major effect on academic achievement. It is still unclear however 
how much variation in achievement can be explained by the student’s dominant goal 
orientation. Therefore, this study’s first aim was to examine whether dominant goal 
orientations in school predicted differences in academic achievement during adolescence. 
Secondly, the role of metacognitive self-regulation was examined in the relation between 
goals and achievement, as metacognitive self-regulation has been shown to relate to both 
goals (Greene & Miller, 1996; Vrugt & Oort, 2008) and achievement (Credé & Phillips, 
2011). 
Goal orientations concern the reasons to engage in learning activities (Dweck, 1986). 
Students set different goals to guide their learning, i.e., they differ in goal orientation. 
Previous research has focused on four different types of goal orientations, namely 
mastery, work-avoidance and two kinds of performance goals (see Chapter 2, Table 2.1) 
(Dweck, 1986; Elliot, et al., 1999). Students who endorse mastery goals consider learning 
and the development of new skills as ends in themselves. These students focus on deep 
understanding and gaining insight into the study material. Work-avoidant students on the 
other hand do not like to engage in learning activities. They invest as little effort as 
possible in school. Performance-oriented students focus on extrinsic rewards and others’ 
judgments of their performance instead of the content of the study material. Two types of 
performance goals have been distinguished: performance-approach and performance-
avoidance goals (Elliot & Church, 1997; Elliot & Harackiewicz, 1996). Performance-
approach students aim to demonstrate superior ability and are focused on rewards. 
Performance-avoidant students primarily engage in learning activities to avoid failures, 
embarrassment or punishment in the classroom. They strive to avoid being seen as a poor 
performer.  
Previous research has shown that although the amount of variance explained by goals 
is small, goal orientations do predict academic achievement in children, adolescents and 
undergraduates (Diseth, 2011; Elliot, et al., 1999; Freudenthaler, Spinath, & Neubauer, 
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2008; Keys, Conley, Duncan, & Domina, 2012; Patrick, Ryan, & Pintrich, 1999; Simons, 
Dewitte, & Lens, 2004; Steinmayr, Bipp, & Spinath, 2011; Steinmayr & Spinath, 2008, 
2009; Wigfield & Cambria, 2010; Wolters, 2004). Independent of age, positive relations 
with academic achievement were often found for performance-approach goals (Daniels et 
al., 2008; Elliot, et al., 1999; Wigfield & Cambria, 2010), and mastery goals (Bipp, 
Steinmayr, & Spinath, 2012; Daniels, et al., 2008; Keys, et al., 2012; Steinmayr, et al., 
2011). Work-avoidance and performance-avoidance goals on the other hand, showed a 
negative relation with achievement (Wigfield & Cambria, 2010). Sex-specific associations 
between goals and achievement were found in some (Steinmayr & Spinath, 2008), but not 
all studies (Bouffard, Boisvert, Vezeau, & Larouche, 1995).  
Next to achievement, goal orientations have been shown to be related to 
metacognitive self-regulation, which is the awareness of and control over the cognitive 
processes important for learning. Metacognitive self-regulatory activities involve planning, 
monitoring and evaluating one’s learning behavior. These activities have shown positive 
relations with mastery and performance-approach goals, and negative relations with 
performance-avoidance goals (Vrugt & Oort, 2008).  
In previous research, goals were studied from a multiple goal perspective, which 
entails that each participant was rated on each of the four different goals. E.g., a 
participant could score low on work-avoidance, and higher on performance and mastery 
goals. However, in educational practice teachers will be more likely to associate their 
students with one dominant goal orientation and classify them accordingly, rather than 
rating the students on a scale for each of the different goals. Thus, information from the 
multiple goal approach may not be directly applicable to educational practice. Therefore, 
we propose a different methodology that allows for easy classification of students 
according to their dominant goal orientation. Goal orientations were assessed using short 
student characterizations, so-called vignettes (Dekker et al., in press), each of which 
reflects the behavior of a student with one of the four goal orientations. Respondents 
indicated which of the students they resembled most. This approach is best suited to 
adolescents, as they are better able to compare themselves with peers (Brown, 2004), 
than to rate their own behavior on a scale. Other advantages of this approach relate to the 
single response option, which minimizes the chance of response biases. Furthermore, it 
identifies the student’s dominant goal orientation, which yields more useful data for 
educators than the outcomes from research examining multiple goals simultaneously.  
The present study examined the dominant goal orientation of students (either 
mastery, performance-approach, performance-avoidance or work-avoidant) and related 
this to academic achievement. Additionally, the mediating effect of metacognitive self-
regulation was examined. Goal orientation vignettes were completed in a school setting 
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by adolescents in two age-groups. The level of achievement of performance-approach and 
mastery students was expected to be higher than the level of achievement of work-
avoidant and performance-avoidant students. Furthermore, mastery oriented students 
were expected to display the highest levels of metacognitive self-regulation, and work-
avoidant students the lowest levels. Metacognitive self-regulation scores of performance-
oriented students were expected to fall in between those of mastery and work-avoidant 
students. We hypothesized that metacognitive self-regulation mediated the relation 
between goals and achievement. No age-effects or sex-effects were expected in the 
relation between goals, metacognitive self-regulation and achievement. 
 
METHOD 
Participants 
A total number of 735 adolescents (46% boys) from grade 7 to 12 (M age = 14.8; SD = 1.72; 
range = 10.4-18.9 years) participated in this research. All participants followed high 
educational tracks. Level of Parental Education (LPE) was measured on a scale from 1 
(primary school) to 8 (university degree or higher) (De Bie, 1987). LPE was ‘low/medium’ 
(at most secondary vocational education) in 35% of the sample, and ‘high’ in 65% of the 
sample. Initially, 786 adolescents from grade 7 to 12 participated in this research. Data 
from 51 participants were left out of the analysis due to missing values. Two age-groups 
were compared: adolescents younger than 14 years (N = 271, M age = 13.1, SD = 0.56) and 
14 years and older (N = 464, M age = 15.9, SD = 1.27). 
 
Procedure 
Data were derived from a large cross-sectional study on development during adolescence. 
Participants were recruited from four secondary schools in the Netherlands. Students and 
their parents were informed about the research via information letters. If both the 
student and parents agreed to participate, they returned the informed consent and a 
questionnaire on background characteristics to the school. Response rate was about 30%. 
Participating students completed a questionnaire in the classroom, during a regular school 
hour. Students completed the questionnaire independently. Two trained researchers gave 
instructions to the group of students and checked whether the questionnaire was 
complete when it was handed in. The whole procedure took students 40 minutes to 
complete, of which 10 minutes was spent on the goal orientation vignettes and 
metacognitive self-regulation questions. School grades were obtained from the school’s 
administration afterwards. Ethical approval for this study was given by the ethical 
committee of VU University Amsterdam. 
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Measures 
Goal orientation 
Goal orientation was assessed with vignettes (Dekker, et al., in press). These are short 
characterizations of students who differ in goal orientation. Five different types of 
students were distinguished: mastery, performance-approach, performance-avoidant and 
two work-avoidant students (one best described as ‘lazy’; the other as ‘indifferent about 
school’). A full description of the vignettes can be found in the Appendix of Chapter 2. 
Respondents were asked to read all the vignettes and select the one that reflects the goal 
orientation they mainly endorse for all academic activities. Vignettes were presented in a 
fixed order: (1) Performance-avoidant, (2) Work-avoidant [indifferent], (3) Performance-
approach, (4) Mastery and (5) Work-avoidant [lazy]. 
 
Academic achievement 
Academic achievement was estimated by averaging the grades for Dutch (native 
language), English (foreign language) and mathematics. These three subjects were chosen 
because grades in these subjects yield a valid estimation of school performance (Reed, 
Ouwehand, Van der Elst, Boschloo, & Jolles, 2010). Furthermore, the Dutch secondary 
education policy emphasizes the importance of these three subjects (Ministry of 
Education, 2006). End of term grades for the three subjects were obtained for the year in 
which the research was conducted. In the Dutch educational system a ten-point grading 
system is used, with a 6 as a minimum pass grade. The most common grades in secondary 
education are 6 and 7. The grades 1-3 and 9-10 are seldom awarded. See the Appendix for 
additional information about the Dutch grading systems and how Dutch grades relate to 
grades from USA or UK. To correct for school differences in grading policies, we 
transformed the average grades into z-scores based on the mean grade per school and its 
standard deviation. In this way, the distribution of scores became similar for each school. 
The standardized mean grade for Dutch, English and mathematics was used in our 
analyses as a measure of academic achievement. 
 
Metacognitive self-regulation 
Self-regulation was assessed using the Motivated Strategies for Learning Questionnaire 
(MSLQ) (Pintrich, Smith, García, & McKeachie, 1991). The MSLQ is a self-report instrument 
designed to assess motivational orientations and use of learning strategies. In the present 
research, we included the subscale Metacognitive Self-Regulation from the Learning 
Strategies Section. This subscale includes 12 items related to three general processes that 
make up metacognitive self-regulatory activities: planning, monitoring and regulating. 
Items are scored on a 7-point Likert-scale, ranging from 1 (not at all true) to 7 (very true). 
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Internal consistency of the scale in our sample was α = .62. Total score on the scale [range 
= 12-84] was used as dependent variable. The higher the score, the better the 
metacognitive self-regulation skills. 
 
Data analyses 
All analyses were performed with the Statistical Package for Social Sciences 17.0. 
Frequency analysis showed that the work-avoidant [indifferent] goal orientation was 
reported infrequently (1.8%). Therefore, data of this vignette was combined with the 
work-avoidant [lazy] orientation into one work-avoidant category. Consequently, four goal 
orientations were included in our analyses: mastery, performance-approach, 
performance-avoidance and work-avoidant goals. First, a MANOVA was performed to 
examine whether students with different main goal orientations differed on both 
achievement (standardized mean grade) and metacognitive self-regulation (sum score of 
MSLQ subscale). Goal orientation, age-group and sex were independent variables and LPE 
was included as a covariate. Next we examined whether the effect of goal orientation on 
achievement was mediated by metacognitive self-regulation. A mediation analysis for 
multicategorical independent variables was performed, with a general linear model 
approach to estimate direct and indirect effect (Hayes & Preacher, submitted). Indicator 
dummy coding was used for goal orientation (X). Performance-approach was selected as 
reference category because these goals were often positively related to grades (Wigfield & 
Cambria, 2010). Age-group and sex were included as covariates. The mediation approach 
of Hayes and Preacher (submitted) includes 1) dummy coding goal orientation into 3 
dummy (D) variables, 2) estimation of two linear models, one for the mediator 
metacognitive self-regulation (M) and one for the outcome variable academic 
achievement (Y), with two covariates age-group and sex (W) as an OLS regression-based 
path analysis: 
 
M = iM + a1D1 + a2D2 + a3D3 + d1W1 + d2W2 + eM 
Y = iY + c’1D1 + c’2D2 + c’3D3 + bM + d3W1 + d4W2 + eY  
 
where ci’ represents the relative direct effect of X on Y. For the inference of relative 
indirect effect, a bootstrapping method was used, with 5000 samples used for indirect 
effect confidence intervals. Age-group and sex were included as covariates in the model. 
Level of significance was set at 0.05.  
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RESULTS 
Academic achievement 
In our sample, 41% of the students endorsed a mastery goal, 24% a performance-
approach goal, 19% a performance-avoidance goal and 16% a work-avoidant goal. There 
were age (χ(3) = 15.9, p = .001) and sex differences (χ(3) = 13.9, p = .003) in this 
distribution. Characteristics of students endorsing different types of goals can be found in 
Table 3.1.  
 
Table 3.1 Participant characteristics 
Characteristics Mastery  
(N = 301) 
Performance-
approach  
(N = 180) 
Performance-
avoidance  
(N = 137) 
Work-avoidant 
(N = 117) 
Age-group  10-14 years  50% 23% 16% 11% 
 14-19 years  36% 25% 20% 19% 
Sex Boy 38% 25% 16% 21% 
 Girl 43% 24% 21% 12% 
 
The covariate LPE was significantly related to achievement (F(1, 718) = 24.3, p = .000). 
After controlling for the effect of LPE, there was a main effect of goal orientation on 
achievement (F(3, 718) = 6.83, p = .000, partial η2 = .028), indicating that academic 
achievement was different for students with different goal orientations. Furthermore, 
there was a main effect of sex on achievement (F(1, 718) = 11.8, p = .001, partial η2 = 
.016), showing that girls had better grades than boys. No main effects were found for age-
group (F(1, 718) = 2.92, p > .05). There were no significant interaction effects between the 
independent variables. 
Follow-up analyses revealed that students with performance-approach goals did not 
differ from students with mastery goals with respect to average grade (see Table 3.2). 
Both goals did however differ significantly from work-avoidant goals (Performance-
approach: MD z = .50; Mastery: MD z = .37) and performance-avoidance goals 
(Performance-approach: MD: z = .37; Mastery MD: z = .24). Mastery and performance-
approach students received higher grades than work-avoidant and performance-avoidant 
students. To illustrate, the performance-approach student earned an average grade of 
6.76 on a scale from 1 to 10, whereas the work-avoidant student earned a 6.38 on 
average. This was a difference of nearly half a point on a ten point scale, comparable to a 
difference between a B+ and B (USA) or a B and C+ (UK) (see Appendix).  
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Table 3.2 Follow-up analyses: Differences in academic achievement 
    95% CI 
Reference category MD SE p Lower Bound 
Upper 
Bound 
Mastery Performance-approach .127 .095 .179 -.059 .313 
 Performance-avoidance -.239 .106 .025* -.448 -.030 
 Work-avoidant -.373 .117 .001** -.602 -.144 
Performance-approach Performance-avoidance -.366 .118 .002** -.598 -.135 
 Work-avoidant -.500 .127 .000** -.750 -.250 
Performance-avoidance Work-avoidant -.134 .136 .327 -.401 .134 
* p < .05, ** p < .001 
 
Metacognitive self-regulation  
Students with different goal orientations were compared with regard to metacognitive 
self-regulation. The MANOVA showed a significant main effect of goals (F(3, 719) = 49.8, p 
<.000, partial η2 =.127). Post-hoc analysis with Bonferroni correction revealed significant 
differences between all different types of goals (see Figure 3.1). Mastery goals were 
related to the highest levels of metacognitive self-regulation, whereas work-avoidance 
goals were related to the lowest levels. The scores obtained by students who primarily 
endorsed performance goals were in-between, whereby performance-approach goals 
were related to better metacognitive self-regulation skills than performance-avoidance 
goals. 
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Figure 3.1 Metacognitive self-regulation levels per goal orientation  
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Furthermore, there was a main effect of age-group (F(1, 719) = 18.6, p =.000, partial η2 
=.025). This indicates that young adolescents had higher levels of metacognitive self-
regulation than their older counterparts. There was no main effect of sex (F(1, 719) = .111, 
p >.05), indicating that levels of metacognitive self-regulation were the same amongst 
boys and girls. There were no significant interaction effects. 
 
The mediation model 
The total model explained 6.4% of the variance in achievement (F(6, 728) = 8.28, p = .000). 
The omnibus test of direct effect showed an improvement in fit when metacognitive self-
regulation was added to the model, which was significant (F(3, 728) = 5.11, p = .002). Yet, 
although significant, the amount of extra variance explained by adding metacognitive self-
regulation to the model was very small (2.0%). Sex, not age-group, was a significant 
covariate (t = -3.22, p = .001). Thus, there was a partial mediation effect: when controlled 
for sex, both goals and metacognitive self-regulation were related to achievement. The 
mediation model is shown in Figure 3.2. 
 
 
 
 
 
 
 
 
Figure 3.2 The mediation model  
 
The OLS regression of direct effect on metacognitive self-regulation (path ai in Figure 
3.2) showed that goal orientation predicted metacognitive self-regulation (F(5, 729) = 
42.0, p =.000, R2 = .22). With respect to achievement, the relative direct effect of goal 
orientation on achievement (path c’I in Figure 3.2) was different from zero for the 
comparisons of performance-avoidance (t = -3.16, p = .002) and work-avoidance (t = -3.41, 
a1 = 2.124 
eM 
Metacognitive  
self-regulation (M) 
a2 = -4.393 
b = .010 
a3 = -9.751 
c’1 = -.162 
c’2 = -.353 
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Performance-approach (D1) 
Performance-avoidance vs 
Performance-approach (D2) 
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Performance-approach (D3) 
Achievement (Y) 
eY 
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p = .001) with performance-approach (reference category), but not for the comparison 
between mastery and performance-approach (t = -1.76, p > 0.05). This indicates that 
performance-approach students achieved the same grades as mastery students, and that 
these grades were higher than the grades of both performance-avoidant and work-
avoidant students. Next to goal orientation, also metacognitive self-regulation (path b in 
Figure 3.2) predicted achievement (t = 2.40, p = .017). Higher levels of self-regulation were 
related to better achievement.  
The indirect effects analysis with bootstrapping yielded 95% confidence intervals for 
the relative indirect effects that excluded zero, indicating that all goals influenced 
achievement indirectly through metacognitive self-regulation (path aib in Figure 3.2) 
(mastery: 0.002 to 0.049 by bootstrapping; performance-avoidance: -.086 to -.008; and 
work-avoidance: -.173 to -.020). Thus, metacognitive self-regulation was a significant 
mediator.  
In sum, the mediation analysis showed that goal orientations predicted achievement 
through the level of metacognitive self-regulation. It showed that the higher grades 
obtained by performance-approach students, compared to performance-avoidant and 
work-avoidant students, can partially be explained by their higher levels of metacognitive 
self-regulation.  
 
DISCUSSION 
The present study used a new method to examine the achievement of students with 
different dominant goal orientations, and examined a mediation effect of metacognitive 
self-regulation. Findings show that students with dominant mastery or performance-
approach goals obtained higher grades than students with dominant avoidance goals. 
Goal orientations were responsible for differences in grades ranging between z = .24 and z 
= .50. This reflects a difference of almost half a point on a 10-point scale, comparable to 
the difference between a B+ and B (USA) or a B and C+ (UK). The largest difference in 
grades was found between performance-approach and work-avoidant students (z = .50). 
Grades of mastery students did not significantly differ from grades of performance-
approach students. The results were the same for both age-groups and between the 
sexes. Metacognitive self-regulation mediated the relationship between goals and 
achievement, where a higher level of self-regulation was related to better achievement. 
Metacognitive self-regulation was the highest in mastery students, and the lowest in 
work-avoidant students. The scores obtained by performance students were in-between, 
where approach students reported more self-regulation than avoidant students.  
The important contribution of our vignette approach relates to revealing the size of the 
differences in achievement that can be explained by dominant goal orientations, partially 
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through metacognitive self-regulation. The relationships between goals, metacognitive 
self-regulation and academic achievement were the same in both age-groups. The 
direction of these relationships was in accordance with previous research using a multiple 
goal perspective (Bartels & Magun-Jackson, 2009; Bong, 2009; Daniels, et al., 2008; Diseth, 
2011; Elliot, et al., 1999; Greene & Miller, 1996; Koopman, Den Brok, Beijaard, & Teune, 
2011; Simons, et al., 2004; Vrugt & Oort, 2008; Wigfield & Cambria, 2010). Our results 
showed that there were no differences in grades between students with dominant 
mastery goals and students with performance-approach goals, even though mastery goals 
were related to more adaptive strategy use than performance goals. It has been suggested 
that an absence of grade differences may be related to differences in the allocation of 
study effort. Mastery students would focus their study efforts on information they find 
personally meaningful, whereas performance students would rather spend their study 
time on information that is considered relevant for the exam (Senko & Miles, 2008).  
Nevertheless, our research suggests that mastery goals will be more beneficial than 
performance-approach goals in the long-term, as they were related to more adaptive 
strategy use. Furthermore, previous research has related mastery goals to more positive 
emotions than performance goals, as indicated by higher levels of well-being (Tuominen-
Soini, Salmela-Aro, & Niemivirta, 2012), higher levels of enjoyment and lower levels of 
boredom (Daniels, et al., 2008). In contrast, students with performance or work-avoidance 
goals seem to be emotionally more vulnerable, e.g., performance-avoidance goals have 
been related to a heightened vulnerability for school burnout (Tuominen-Soini, et al., 
2012). Poorer academic achievement by performance-avoidant students may be 
attributed to anxiety and fear of failure, which may prevent them from starting with their 
learning activities (Bong, 2009; Daniels, et al., 2008; Tanaka, Takehara, & Yamauchi, 2006). 
Also, higher levels of surface processing and disorganization may explain why 
performance-avoidance goals were related to lower academic achievement than mastery 
goals (Diseth, 2011; Elliot, et al., 1999; Greene & Miller, 1996; Greene, Miller, Crowson, 
Duke, & Akey, 2004).  
Our results have implications for educational practice. First, it is important for teachers 
to focus on the goals their students dominantly endorse, as these have explanatory value 
both for their approach to learning (e.g., implementation and monitoring of strategies) 
and for their grades. The vignette approach (Dekker, et al., in press) allows teachers to 
distinguish the different types of students and to identify students who are vulnerable to 
lower academic achievement. It has been shown that teachers can stimulate the 
endorsement of adaptive mastery goals by creating a mastery goal environment in the 
classroom, through emphasizing the importance of learning and knowing (Luo, Hogan, & 
Paris, 2011). In turn, changes in mastery goal orientation have been found to lead to 
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changes in strategy use (Meece & Miller, 2001). Therefore, emphasizing the goals that are 
desired in the classroom can be an effective intervention with which to change a student’s 
goal orientation, and in turn, academic achievement. Furthermore, our results suggest 
that students with avoidance goals may benefit from support in metacognitive self-
regulation skills. Teaching these children the skills to learn could possibly increase their 
academic achievement. Yet, it should be considered that our observational study does not 
allow for causal inferences, or inferences about the long-term merits of the different 
goals. For future research, it would be interesting to examine whether interventions 
aimed at promoting mastery goals affect (long-term) achievement.  
The effect sizes in our research were small, yet this is not unusual in achievement 
research (Freudenthaler, et al., 2008; Steinmayr & Spinath, 2008). Multiple factors 
influence achievement, and achievement may also vary per school subject or class (Credé 
& Phillips, 2011). Consequently, students’ average performance may be a less specific 
outcome measure than subject-specific achievement. Further, our sample may suffer from 
a selection bias for the work-avoidant students, as participation in the research was 
voluntary. Possibly, only the most motivated work-avoidant students decided to 
participate in this research, yielding an overestimation of their achievement.  
In conclusion, this large observational study showed the value of vignettes in assessing 
the most dominant goal orientation, both for research and educational purposes. The goal 
that is mainly adopted by a student can easily be assessed and used to explain individual 
differences in academic achievement. Students with dominant performance-approach or 
mastery goals had higher grades than work-avoidant or performance-avoidant students. 
The relation between goals and achievement was mediated by metacognitive self-
regulation. This research suggests that mastery goals and metacognitive self-regulation 
skills should ideally be supported in the classroom.  
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APPENDIX Dutch grading system 
 
Table A.1 Dutch grading system 
Grade Frequency in secondary school examinations (2006) 
10 = Outstanding 0.50% 
 9 = Very good 2.70% 
 8 = Good 14.00% 
 7 = More than satisfactory 40.00% 
 6 = Satisfactory 35.00% 
 5 = Almost satisfactory 6.80% 
 4 = Unsatisfactory 0.08% 
 3 = Very unsatisfactory 0.03% 
 2 = Poor - 
 1 = Very poor - 
Note: Derived from Nuffic (Netherlands Organisation for International Cooperation in Higher Education)  
 
 
 
Table A.2 Dutch grades compared to USA and UK grades 
Netherlands USA UK  
10 A+ A+ First  
9.5 A+ A+ First 
9 A+ A+ First 
8.5 A+ A First 
8 A A/A- First 
7.5 A/A- B+ Upper 2nd 
7 B+ B Upper 2nd 
6.5 B C+ Lower 2nd 
6 B-/C C/D Lower 2nd 
5.5 D D Third  
5 F F  
4 F F  
3 F F  
2 F F  
1 F F  
Note: Fair comparisons with grading systems in other countries should be based on the frequency distribution.  
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Coding task performance in early adolescence:  
A large-scale controlled study into sex differences 
 
Dekker, S., Krabbendam, L., Aben, A., De Groot, R.H.M., & Jolles, J. 
 
Abstract 
This study examined differences between boys and girls regarding efficiency of 
information processing in early adolescence. 306 healthy adolescents (50% boys) in grade 
7 and 9 (aged 13 and 15 respectively) performed a coding task based on over-learned 
symbols. An age effect was revealed as subjects in grade 9 performed better than subjects 
in grade 7. Main effects for sex were found in the advantage of girls. The 25% best-
performing students comprised twice as many girls as boys. The opposite pattern was 
found for the worst performing 25%. In addition, a main effect was found for educational 
track in favor of the highest track. No interaction effects were found. School grades did 
not explain additional variance in LDST performance. This indicates that cognitive 
performance is relatively independent from school performance. Student characteristics 
like age, sex and education level were more important for efficiency of information 
processing than school performance. The findings imply that after age 13, efficiency of 
information processing is still developing and that girls outperform boys in this respect. 
The findings provide new information on the mechanisms underlying boy-girl differences 
in scholastic performance. 
 
Frontiers in Psychology (2013), 4: 550 
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INTRODUCTION 
During an average school day, students are confronted with a wealth of information. New 
stimuli have to be attended to and irrelevant information has to be discarded. In a next 
stage of information processing, relevant information has to be analyzed and linked to 
previously stored material. As a result of that comparison, information can be discarded or 
stored in memory for later use. A core device in this process of information flow is working 
memory, a temporary holding device between new stimuli and already processed 
information (Baddeley, 1992). Students need to retrieve earlier consolidated information 
and search among many sources for the most relevant information. A quick and efficient 
accomplishment of this searching process will be beneficial to their achievement. The 
present paper investigates whether there are individual differences in the efficiency of 
information processing in early adolescence. Two narrow age-groups were examined (age 
13 and age 15). Specifically the study sought to evaluate whether boys and girls differ with 
regard to speed of information processing in adolescence. Furthermore, educational track 
was considered as a possible source of variability, because positive relations were 
previously found between processing speed and intelligence (Fry & Hale, 2000; Sheppard 
& Vernon, 2008). Also, education effects on processing speed have been found in adults 
samples (Longman, Saklofske, & Fung, 2007; Van der Elst, Van Boxtel, Van Breukelen, & 
Jolles, 2006). Given the central role of processing speed in higher cognitive functions (Fry 
& Hale, 2000; Salthouse, 1996), and its core importance for many aspects of performance 
in school, any evidence for differences in performance between boys and girls may have 
important implications for education. 
It has been well established that processing speed continues to improve from 
childhood into adolescence (age 4-17, e.g., Anderson, Anderson, Northam, Jacobs, & 
Catroppa, 2001; Coyle, Pillow, Snyder, & Kochunov, 2011; Kail, 1991; Luna, Garver, Urban, 
Lazar, & Sweeney, 2004; McAuley & White, 2011; Nettelbeck & Burns, 2010). Age-related 
change was found to be dependent upon the processing speed measure used (Cepeda, 
Blackwell, & Munakata, 2013). Improvements in processing speed have been related to 
fine-tuning processes in the brain during this age period, leading to increased efficiency in 
brain functioning (Giedd, 2004, 2008; Gogtay et al., 2004). Following a developmental 
cascade model, increases in processing speed during adolescence in turn contribute to 
improvements in higher cognitive functions, such as working memory (Nettelbeck & 
Burns, 2010) and reasoning abilities (Nettelbeck & Burns, 2010; Vock, Preckel, & Rolling, 
2011). Also, it has been related to increases in general intelligence g (Coyle, et al., 2011). 
Processing speed measures with high task demands (i.e., coding tasks) more strongly 
correlate with measures of higher cognitive functions than simple reaction time measures 
do (Cepeda, et al., 2013; Nettelbeck & Burns, 2010).  
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Neuroimaging studies have shown that the developmental changes that take place in 
adolescence are different for boys and girls. There is a lag in brain development in boys 
compared to girls (De Bellis et al., 2001; Giedd, 2008; Lenroot et al., 2007). Total cerebral 
volume and gray matter volumes peak at a later age in boys (14,5 years) than in girls (10,5 
years, Giedd, 2008). This suggests that next to age, sex is a possible factor influencing 
variability in processing speed, and that differences may be expected in young adolescents 
to the advantage of girls. Still, there is a lot of incongruence in research findings with 
respect to sex differences in processing speed during adolescence and young adulthood.  
The incongruence in research findings with regard to differences between boys and 
girls may be related to the fact that the examined age ranges were too broad. A large 
study by Camarata and Woodcock (2006) showed that the magnitude of sex differences in 
processing speed was influenced by age. The girl advantage was relatively small in young 
children (9 and younger), larger in young adolescents (age 10-13), and the largest in 
adolescents aged 14-18. It disappeared almost completely in college students and young 
adults (17-34 years of age). Previous research examined age ranges that vary over a broad 
domain: 8-34 years (Anderson, et al., 2001; Asato, Sweeney, & Luna, 2006; Camarata & 
Woodcock, 2006; Luna, et al., 2004; Silveri, Tzilos, Pimentel, & Yurgelun-Todd, 2004). 
Hence, the research by Camarata and Woodcock (2006) stresses the need to examine the 
issue of sex differences in processing speed during adolescence and young adulthood very 
specifically and in narrow age classes. Conflicting results with respect to sex differences in 
processing speed may also be explained by differences in processing speed measures. 
Generally, girls tend to outperform boys on processing speed measures that involve digits 
and alphabets, whereas boys are faster on simple processing speed measures (Roivainen, 
2011). Furthermore, given the large effect of age and education on cognitive performance, 
sample sizes were often too small (<100 participants) to detect sex differences (Roivainen, 
2011). Thus, sex differences in performance speed may only become prominent in large 
samples and in groups with narrow age ranges.  
A sensitive measure to examine individual differences in processing speed is the Letter 
Digit Substitution Test (LDST, Jolles, et al., 1995; Van der Elst, Dekker, Hurks, & Jolles, 
2012; Van der Elst, et al., 2006). This coding task requires participants to match pairs of 
symbols according to a key. Because it involves additional cognitive processes such as 
working memory, visual scanning, sustained attention, response selection, interference 
control and monitoring, it is considered a more complex measure of processing speed 
(Cepeda, et al., 2013). Within a given time interval (90 seconds), participants have to 
complete as many digit-letter substitutions as possible. The advantage of the LDST over 
other coding tasks like the Digit Symbol Substitution Test (Wechsler, 1955, 1981) or the 
Symbol Digit Modalities Test (Smith, 1982) relates to the use of over-learned symbols 
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(letters and numbers) instead of abstract visual symbols. Over-learned symbols do not 
require complex visual processing and therefore have a lower cognitive load than abstract 
symbols. Hence, performance on the LDST better reflects efficiency of information 
processing. The LDST has already shown sensitivity to age, sex and education level in 
school-aged children and older adults (Van der Elst, et al., 2012; Van der Elst, et al., 2006).  
This cross-sectional study examined three possible sources of variability in processing 
speed: age, sex and educational track. Additionally, it related efficiency of information 
processing to real-life school performance.The study involved a total of 306 adolescents in 
grade 7 and grade 9 (aged 13 and 15 respectively). Participants were enrolled in one of the 
two highest educational tracks of Dutch secondary education. A group administration 
procedure was applied, enabling rapid and efficient data collection. Successful task 
performance was dependent on the total number of correctly completed items on the 
LDST. The hypotheses were: 1) adolescents in grade 9 show better task performance than 
adolescents in grade 7; 2) girls perform better than boys in both grades; 3) participants in 
the more difficult educational track perform better than participants in the less difficult 
track; and 4) higher school performance additionally predicted higher LDST performance. 
The homogenous population in terms of age range, educational track, and ethnicity, in 
combination with the large sample size lend the results of this study potential scientific 
and applied value. Finding differences between boys and girls will have implications for 
the fine-tuning of didactic procedures to match their working memory capacity.  
 
METHOD 
Participants 
Participants were recruited from a secondary school in a town in the south-eastern part of 
the Netherlands. A total number of 370 students from grade 7 and grade 9 participated in 
the study. All students were enrolled in one of the two highest educational tracks, either 
havo or vwo. Every student in Dutch secondary school is enrolled in one of three 
educational tracks that differ in level of difficulty. Approximately 40% of all secondary 
school children in the Netherlands are enrolled in one of the upper two tracks (Ministry of 
Education, 2009). Havo (five years) and vwo (six years) differ in level of difficulty. A havo 
diploma gives access to professional education programs, whereas a vwo diploma also 
allows for entry into university.  
LDST data were missing for two of the 370 participating students. Another 62 
participants were excluded from data analysis because they met one of more of our 
exclusion criteria, which were: (1) repeating a class after kindergarten; (2) skipping a class 
after kindergarten; (3) presence of medical conditions known to influence brain 
development and/or cognition, such as ADHD, epilepsy and psychosis (as indicated by a 
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self-report questionnaire); and (4) use of medication affecting the central nervous system. 
This resulted in a final sample of 306 adolescents (50% boys), including 138 adolescents in 
grade 7 (M age = 12.9, SD = .33, range = 12.1-13.9 years, 55% boys) and 168 adolescents in 
grade 9 (M age = 15.1, SD = .36, range = 14.2-16.0 years, 46% boys). Of the 306 selected 
participants, 143 were enrolled at the higher general secondary educational level (47% 
boys) and 163 at pre-university educational level (53% boys).  
 
Procedure 
The collaborating school agreed to fit the testing procedure into their regular school 
schedule. Within a week, all eligible classes of one grade had been tested. Testing took 
place by means of group administration and was procedurally identical for every class. 
Every class was tested once for a total duration of 50 minutes, which is equivalent to the 
time of one class period. Two trained investigators administered the testing protocol. One 
of them gave instructions to the participants and kept track of time, while the other 
walked around to help with potential problems. Additionally, a teacher supported task 
administration by keeping order in class. Testing circumstances (i.e., investigators, 
teacher, classroom) were kept similar for every participating class. Each testing session 
started by asking the participants to complete a short questionnaire on exclusion criteria. 
Then, several questionnaires and neuropsychological tests were administered, among 
which the LDST. Instructions for all tasks were given both verbally and on paper. After 
every instruction, participants practiced the task under supervision of the investigators. 
When all participants understood the task instructions, the actual task was administered. 
School grades were retrieved from the school’s administration after study completion. 
 
Measures 
Letter Digit Substitution Test  
The Letter Digit Substitution Test (LDST) is a coding task that is based on over-learned 
symbols, i.e., letters and digits (Jolles, Houx, Van Boxtel, & Ponds, 1995; Van der Elst, et 
al., 2006). It is a measure of general information processing speed, but also involves other 
cognitive processes, like working memory, visual scanning, sustained attention, response 
selection, interference control and monitoring (Baudouin, Clarys, Vanneste, & Isingrini, 
2009; Cepeda, et al., 2013). At the top of the test sheet, a key is presented showing nine 
boxes with letters and associated numbers between 1 and 9 in a random order. 
Underneath the key, boxes of letters are shown with blank spaces below. Participants 
were instructed to replace the blank spaces with the associated digits as fast and 
accurately as possible, according to the key presented above. First, they practiced the 
procedure to ensure that they understood the purpose of the test. After completion of the 
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practice items, participants were instructed to complete as many test items as possible 
within 90 seconds. The number of correct substitutions made in 90 seconds served as 
dependent variable. In a large sample of adults, the test–retest reliability of the LDST was 
high (r >. 85) (Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2008). Furthermore, it was 
shown that the LDST is sensitive to age, sex and education level in children aged 8-15 
years and in adults (Van der Elst, et al., 2012; Van der Elst, et al., 2006). 
  
School grades 
We obtained grades for Dutch (native language), English (foreign language) and 
mathematics. Together, these grades can validly estimate school performance (Reed, 
Ouwehand, Van der Elst, Boschloo, & Jolles, 2010). We used the mid-semester grades, 
because data collection was conducted in this time period.  
   
Data analysis 
The statistical package SPSS 20.0 was used for all data analyses. A factorial univariate 
Analysis of Variance (ANOVA) was conducted with number of correct substitutions made 
in 90 seconds on the LDST as dependent variable. Independent variables in the model 
were grade (grade 7 versus grade 9), sex (boys versus girls), and educational track (havo 
versus vwo). Interaction effects between all pairs of independent variables were 
examined. Effect sizes were expressed as Cohen’s d (Cohen, 1988), which is calculated by 
dividing the mean difference between each factor level by the pooled standard deviation 
of these factor levels. Next, LDST performance was correlated with school grades. Then, a 
regression analysis was performed to examine which factors predicted LDST performance. 
Number of correct substitutions was the dependent variable, and predictors were school 
year (0=grade 7; 1=grade 9), sex (0=male; 1=female), educational track (0=havo; 1=vwo) 
and the average school grade. Level of significance was α = 0.05.  
 
RESULTS 
Table 4.1 presents the number of correct substitutions on the LDST by grade, sex and 
educational track. ANOVA showed significant main effects for grade (F (1, 298) = 79.3, p = 
.000), for sex (F (1, 298) = 30.4, p = .000), and for educational track (F (1, 298) = 13.0, p = 
.000). There were no interaction effects between any of the pairs of independent variables 
(F (1, 298) < 1.39).  
Results showed that adolescents in grade 9 outperformed adolescents in grade 7. The 
size of this effect was large (d = 1.09). Within both grades, a regression analysis with age, 
sex and educational track showed that LDST performance was not predicted significantly 
by age in grade 7 (β = .07, t(302) = .85, p = .40), nor in grade 9 (β = -.05, t(302) = -.74, p = 
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.46). This indicates that grade 7 and grade 9 are homogeneous populations with respect to 
age. In both grades, girls gained significantly higher scores than boys (medium effect size, 
d = 0.63). There were no interaction effects, indicating that boys and girls did not differ 
significantly between grades or educational track.  
 
Table 4.1 Descriptives 
 Boys 
M(SD) 
Girls 
M(SD) 
Grade 7 46.8 (6.02) 50.2 (6.69) 
Havo 46.1 (4.35) 48.9 (7.07) 
Vwo   47.2 (6.91) 51.5 (6.15) 
Grade 9 52.9 (7.20) 57.7 (6.97) 
Havo 50.7 (7.00) 56.2 (7.04) 
Vwo 54.9 (6.87) 59.4 (6.59) 
Note:  Havo = higher general secondary education; Vwo = pre-university education 
 
To take a closer look at the data and distribution of boys and girls in this sample, LDST 
scores were divided into quartiles from the lowest to highest scores per grade (see Figure 
4.1). This gives more insight into the distribution of boys and girls in a group of low, 
medium and good performers and enables us to draw inferences about a class situation. 
We found that the distribution of boys and girls differs significantly between quartiles 
(Χ2(3) = 28,8; p = .000). It appears that students with the 25% lowest LDST scores are 
predominantly boys (ratio 2:1; z = -2.2), whereas students who belong to the 25% best 
performers on the LDST are predominantly girls (also ratio 2:1; z = 2.5). There was no 
significant difference in the boy:girl ratio for the second (boys: z = 1.3) and third (boys: z = 
-1.3) quartile. 
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Figure 4.1 Sex differences in LDST performance divided over quartiles 
Note: Quartile 1 = 25% lowest LDST scores; quartile 4 = 25% highest LDST scores 
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The significant effect for educational track indicates that participants in the vwo track 
(pre-university education) scored significantly better than participants in the havo track 
(higher general secondary education). The effect size of educational track was small (d = 
0.27). 
 
Relation between LDST performance and school grades 
LDST score did not relate to the average school grade (r = .091, p = .112). This indicates 
that students who processed information more efficiently did not obtain higher grades in 
school than students who were slower. To examine the relation between school grades 
and LDST performance in more detail, school grades were also divided in quartiles. School 
performance of the lowest and highest performing students was related to LDST 
performance of students in the lowest and highest LDST quartile. No significant relations 
were found for any of the four contrasts (see Table 4.2). This indicates that real-life school 
performance did not relate to speed of information processing. 
 
Table 4.2 Correlations between school grades and LDST performance 
LDST 
quartile 
Grade 
quartile 
N r p 
1 1 20 0.105 0.659 
1 4 11 -0.25 0.448 
4 1 22 0.02 0.993 
4 4 29 -.272 0.153 
 
The regression model (see Table 4.3) explained a significant proportion of variance (R2 
= .313) in LDST score, F(4, 300) = 34.2, p < .000. It confirmed that individual differences in 
LDST performance were explained by school year (β= .45), sex (β = .27) and educational 
track (β = .16), but not by school grades (β = .09). This showed that school grades did not 
explain additional variance in LDST performance next to school year, sex and educational 
track.  
 
Table 4.3 Predictors of LDST performance 
    95% CI for B 
 B (SE) t p lower upper 
Intercept 38.4 (3.54) 10.8 .000* 31.4 45.3 
School year 7.06 (.77) 9.22 .000* 5.55 8.56 
Sex 4.31 (.76) 5.67 .000* 2.81 5.80 
Educational track 2.48 (.79) 3.16 .002* 0.94 4.03 
Average grade 0.95 (.51) 1.86 .065 -.058 1.97 
Note: * p < .01. 
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DISCUSSION 
The purpose of this cross-sectional study was to examine whether age, sex and 
educational level explained differences in the speed with which young adolescents 
process and manipulate information. We focused on two school years which included 
participants within a narrow age range of two educational tracks. Performance on the 
Letter Digit Substitution Test (LDST) was found to be dependent on grade, sex and 
educational track. Results indicate that the number of correct substitutions on the LDST 
increased with age: adolescents in grade 9 performed significantly better than adolescents 
in grade 7. In both grades, girls obtained significantly higher scores than boys. The highest 
performing students were predominantly girls (ratio 2:1), whereas the poorest performers 
were predominantly boys (ratio 2:1). The rate of development was the same for boys and 
girls, as indicated by the lack of significant interaction effects. Furthermore, it was found 
that adolescents in the higher educational track outperformed adolescents in the lower 
educational track. School grades did not explain additional variance in LDST performance. 
Thus, individual differences in processing speed were explained by student characteristics, 
not by school performance. 
The age effect found in the present study indicates that even after grade 7, there are 
large improvements in the efficiency with which over-learned material is processed. Thus, 
information processing in 15-year-old adolescents has evolved substantially by 
comparison to that of 13-year-old adolescents. This study therefore implies that 
improvements take place in the efficiency of processing of letters and digits even after 
childhood. Younger adolescents have less experience with these types of tasks and still 
have to develop automaticity in these processes. Importantly, our results furthermore 
indicate that boys and girls differ in processing speed and ability to manipulate new 
information. This suggests that the development of processing speed follows a sex-specific 
course in adolescence. In our sample of young adolescents, girls perform better than boys 
of the same age. The top 25% performers comprised twice as many girls as boys. The 
opposite pattern is found in the lowest scoring 25%.  
Age-related increases in performance have been attributed to protracted brain 
development. With age, processing becomes more efficient as a result of synaptic pruning 
and an increase in white matter (Giedd, 2004, 2008; Gogtay, et al., 2004). Protracted brain 
development particularly takes place in the frontal areas, to which executive control 
(Miller, 2005), working memory (Narayanan et al., 2005), and articulatory rehearsal 
(Lycke, Specht, Ersland, & Hugdahl, 2008) have been attributed. The poorer performance 
of boys compared to girls is likely to be the consequence of delayed brain development in 
boys in the age ranges we studied (De Bellis, et al., 2001; Lenroot, et al., 2007). The girl 
advantage in LDST performance may also be related to sex differences in verbal learning, 
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as the ability to manipulate and associate verbal material is an important determinant of 
successful coding task performance (Cepeda, et al., 2013; Joy, Kaplan, & Fein, 2004; 
Piccinin & Rabbitt, 1999). It has been well established by cognitive research that girls are 
better verbal learners than boys (Anderson, et al., 2001; Lowe, Mayfield, & Reynolds, 
2003; Meijs, 2008). Congruent with these findings, brain imaging studies have shown both 
structural (Brun et al., 2009; Chen, Sachdev, Wen, & Anstey, 2007; Harasty, Double, 
Halliday, Kril, & McRitchie, 1997; Luders et al., 2005; Schlaepfer et al., 1995) and 
functional (Baxter et al., 2003; Clements et al., 2006; Majeres, 1997) differences in brain 
areas involved in higher order verbal functioning.  
Alternatively, sex differences may be explained by motivational factors. During 
adolescence, large developments take place in students’ beliefs and academic self-
perceptions, such as their perceived competence and the value they place on doing well 
(see for instance Bouchey & Harter, 2005). Adolescent boys were found to have less 
adaptive school motivation patterns than girls, which could possibly explain their lower 
achievement on school-related tasks (Dekker et al., in press; Van Houtte, 2004). Boys’ 
lower achievement may also be explained by their poorer self-regulation skills (Duckworth 
& Seligman, 2006). They may have suffered more than girls from the distraction that goes 
with assessment in a classroom setting.  
The effect of educational track reported in this study indicates that higher educated 
adolescents process and manipulate information more quickly than lower educated 
adolescents. A comparable education effect has been found in adults (Longman, et al., 
2007; Van der Elst, et al., 2006). This may be attributed to underlying differences in verbal 
memory. Schneiner, Knopf & Stefanek (2002) found that students in higher educational 
tracks had better verbal memory than students in lower educational tracks, and that 
performance improved with age at the same rate for both educational tracks. 
Furthermore, given the positive relation between complex measures of processing speed 
and intelligence (Fry & Hale, 2000; Sheppard & Vernon, 2008), the results may also be 
attributed to differences in intelligence.  
Yet, LDST performance was not predicted by school grades. Students who obtained 
higher grades, did not necessarily perform better on speeded tasks. This indicates that 
real-life school performance cannot be predicted by performance on one cognitive task 
only. Rather, numerous other factors will be involved in school grades, like motivation for 
learning and a structured learning environment. The findings do indicate that information 
processing speed as measured by the LDST may be a proxy for another dimension in 
(neuro)psychological functioning than school performance. More likely, it is a proxy for 
general intelligence.  
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The present study does not inform about cultural differences because it was not 
designed to evaluate these. Previous research in (older) adults has shown that the LDST is 
a culturally robust test, and that performance was comparable within Europe (Houx et al., 
2002) and between Europe and the USA (Moller et al., 1998). Therefore, no differences 
are expected in LDST performance of children of different Western countries.  
In conclusion, our results support the hypothesis that the efficiency with which 
information is processed and manipulated in early and middle adolescence is still 
developing over that period. Furthermore, our findings show that sex and educational 
track, but not school grades, are important sources of variation for this age range. This is 
relevant for educational practice because many classroom activities involve processing 
speed. Practical implications of the research are that teachers should provide more 
guidance to boys, younger students and students in lower educational tracks. They should 
be aware that repeated instruction may be more needed in these groups, in particular 
when multiple tasks are given at the same time. A higher need for clear instructions can 
be expected in these groups. The findings suggest that girls, older students, and students 
in higher educational tracks will experience less difficulty with double tasks, tasks that 
necessitate quick decisions, or tasks under time constraints. Future studies could usefully 
include older age-groups to investigate the protracted development of efficiency of 
information processing and the stability of the sex difference over time. 
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CHAPTER 5 
 
Neuromyths in education: Prevalence and 
predictors of misconceptions among teachers 
 
Dekker, S., Lee, N.C., Howard-Jones, P., & Jolles, J. 
 
Abstract 
The OECD’s Brain and Learning project (2002) emphasized that many misconceptions 
about the brain exist among professionals in the field of education. The present study 
investigated the prevalence and predictors of these so-called ‘neuromyths’ among 
teachers in selected regions in the United Kingdom and the Netherlands. A large 
observational survey design was used to assess general knowledge of the brain and 
neuromyths. The sample comprised 242 primary and secondary school teachers who were 
interested in the neuroscience of learning. Participants completed an online survey 
containing 32 statements about the brain and its influence on learning, of which 15 were 
neuromyths. Additional data was collected regarding background variables (e.g., age, sex, 
school type). Results showed that on average, teachers believed 49% of the neuromyths, 
particularly myths related to commercialized educational programmes. Around 70% of the 
general knowledge statements were answered correctly. Teachers who read popular 
science magazines achieved higher scores on general knowledge questions. More general 
knowledge also predicted an increased belief in neuromyths. These findings suggest that 
teachers who are enthusiastic about the possible application of neuroscience findings in 
the classroom find it difficult to distinguish pseudoscience from scientific facts. Possessing 
greater general knowledge about the brain does not appear to protect teachers from 
believing in neuromyths. This demonstrates the need for enhanced interdisciplinary 
communication to reduce such misunderstandings in the future and establish a successful 
collaboration between neuroscience and education. 
 
Frontiers in Psychology (2012), 3: 429 
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INTRODUCTION 
There is widespread interest among teachers in the application of neuroscientific research 
findings in educational practice. Neuroscientific research has received a lot of attention 
since 1990-2000, which was declared the ‘Decade of the Brain’ in the United States. Yet, 
the field of neuroscience is complex and the accurate transfer of research findings to the 
classroom is often difficult (Ansari, Coch, & De Smedt, 2011; Devonshire & Dommett, 
2010; Jolles et al., 2006). This gap between neuroscience and education has enabled many 
misconceptions about scientific findings to occur (Goswami, 2006). In 2002, the Brain and 
Learning project of the Organisation for Economic Co-operation and Development (OECD) 
drew international attention to this phenomenon. The organization raised concerns with 
regards to the rapid proliferation of so-called “neuromyths”. These were defined as “a 
misconception generated by a misunderstanding, a misreading or a misquoting of facts 
scientifically established (by brain research) to make a case for use of brain research in 
education and other contexts” (OECD, 2002). The influence of these myths in the 
classroom is problematic because it wastes money, time and effort, which could be better 
spent on the development of evidence-based practices (Pasquinelli, 2012; Sylvan & 
Christodoulou, 2010). Despite concerns regarding the rapid proliferation of neuromyths 
(e.g., Goswami, 2006), not much is known about the prevalence of neuromyths among 
professionals in the field of education. The current study investigated if belief in 
neuromyths was common among teachers that were interested in the neuroscience of 
learning. It would be of concern if neuromyths were found in this sample, because these 
teachers will be most eager to implement (wrong) brain-based ideas in educational 
practice. Furthermore, these teachers might promote the circulation of myths and spread 
their ideas to teachers who are less engaged and acknowledged with brain research. In 
addition to examining the prevalence of neuromyths, the study also investigated which 
myths were most and least prevalent. To shed light on how the proliferation of myths may 
differ between countries, teachers from specific regions in both the United Kingdom and 
the Netherlands were involved. Additionally, this study focused on identifying factors that 
predict belief in neuromyths. 
Although neuromyths are incorrect assertions about how the brain is involved in 
learning, their origin often lies in genuine scientific findings. An example of a neuromyth is 
that learning could be improved if children were classified and taught according to their 
preferred learning style. This misconception is based on a valid research finding, namely 
that visual, auditory and kinesthetic information is processed in different parts of the 
brain. However, these separate structures in the brain are highly interconnected and there 
is profound cross-modal activation and transfer of information between sensory 
modalities (Gilmore, McCarthy, & Spelke, 2007). Thus, it is incorrect to assume that only 
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one sensory modality is involved with information processing. Furthermore, although 
individuals may have preferences for the modality through which they receive information 
(either visual, auditory or kinesthetic), research has shown that children do not process 
information more effectively when they are educated according to their preferred 
learning style (Coffield, Moseley, Hall, & Ecclestone, 2004). Other examples of neuromyths 
include such ideas as ‘we only use 10% of our brain’, ‘there are multiple intelligences’, 
‘there are left- and right-brain learners’, ‘there are critical periods for learning’ and 
‘certain types of food can influence brain functioning’ (e.g., Geake, 2008; Howard-Jones, 
2010; OECD, 2002; Purdy, 2008). Some of these misunderstandings have served as a basis 
for popular educational programmes, like Brain Gym or the VAK approach (classifying 
students according to a visual, auditory or kinesthetic (VAK) learning style). These 
programmes claim to be ‘brain-based’ but lack scientific validation (Krätzig & Arbuthnott, 
2006; Lindell & Kidd, 2011; Stephenson, 2009; Waterhouse, 2006). A fast 
commercialization has led to a spread of these programmes into classrooms around the 
world.  
Yet, only a few studies have examined the prevalence of misunderstandings about the 
mind and brain. A study examining neuroscience knowledge in the general population of 
Brazil revealed that many misconceptions existed among the general public, and that 
there was a lot of variation in the frequency of these misunderstandings (Herculano-
Houzel, 2002). The statement ‘We use only 10% of our brain’, defined by the OECD (2002) 
as a neuromyth, was the most prevalent misconception among the public. Neuromyths 
were also found to be prevalent among trainee teachers (Howard-Jones, Franey, 
Mashmoushi, & Liao, 2009). In particular, myths related to commercial brain-based 
educational programs were commonly accepted. Furthermore, the research showed that 
many trainee teachers in the United Kingdom (56%-83%) had encountered one or more of 
these commercial brain-based programs (e.g., Brain Gym or VAK approach) in their school. 
To our knowledge, no studies have examined the prevalence of neuromyths among 
teachers who are interested in the neuroscience of learning. Furthermore, it is unclear 
how the implementation of brain-based programmes differs across countries.  
Next to examining the prevalence of neuromyths, it is important to identify the factors 
that predict a high susceptibility to believing in myths. Experimental research has shown 
that people are generally more likely to believe research findings when they are 
accompanied by brain images and neuroscience explanations, even when these are 
incorrect (McCabe & Castel, 2008; Weisberg, Keil, Goodstein, Rawson, & Gray, 2007). 
Weisberg and colleagues (2007) found that the public’s perception of a poor explanation 
became more positive when neuroscience was included, even though the neuroscience 
was irrelevant. This may lead to misjudgments of scientific evidence. Furthermore, it may 
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be difficult for people who lack neuroscientific expertise to recognize misconceptions 
about brain research in the popular media. Information provided by the popular media is 
often over-simplified or over-interpreted, as the popular media aims to reach many 
people. Therefore, popular media have been held responsible for creating misconceptions 
(Beck, 2010; Wallace, 1993). Apparent simplicity in popular articles may lead to the flawed 
assumption that complex neuroscience is easily applicable in the classroom. When people 
lack a general understanding of the brain and do not critically reflect on their readings, 
they may be more vulnerable to neuromyths. Thus, a lack of neuroscience literacy and 
reading popular media may be factors that predict the number of misconceptions 
teachers have about the brain. 
Consequently, neuroscience literacy (i.e., a general understanding of the brain) may 
protect against incorrect ideas linking neuroscience and education. Support for this 
hypothesis was found in a sample of trainee teachers (Howard-Jones, et al., 2009), where 
general knowledge of the brain related positively to the ability to identify neuromyths. 
This suggests that neuroscience literacy is an important factor that enables individuals to 
differentiate science from pseudoscience. Fortunately, many teachers are eager to 
increase their neuroscience literacy (Hook & Farah, 2012; Pickering & Howard-Jones, 
2007). Attempts to increase their literacy most often included in-service training about the 
brain (Pickering & Howard-Jones, 2007), which has been identified as a strong predictor of 
neuroscience literacy (Herculano-Houzel, 2002). Next to in-service training, neuroscience 
literacy has been predicted by reading popular science magazines and newspapers 
(Herculano-Houzel, 2002). Thus, reading popular media seems to have both beneficial 
effects (higher neuroscience literacy) and negative effects (creating misconceptions).  
The present study investigated the neuroscience literacy and prevalence of 
neuromyths among primary and secondary school teachers in the United Kingdom and the 
Netherlands. The sample consisted of teachers who indicated they were interested in the 
neuroscience of learning. It would be of concern if neuromyths were found in this sample, 
as these teachers may want to use these incorrect interpretations of neuroscience 
findings in their teaching practice. By including teachers from both the United Kingdom 
and the Netherlands, it was possible to examine possible differences between countries 
and the educational systems therein. The study aimed to give an indication of the 
prevalence and predictors of myths among teachers in primary and secondary school. It is 
therefore of potential importance for the development of educational innovations which 
target teachers’ knowledge of neuroscience. The second aim of the study was to examine 
a range of factors that might be associated with belief in neuromyths such as reading 
popular science magazines. Teachers completed a survey comprising neuromyths and 
general assertions about the brain and its involvement in learning. The hypotheses were 
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that myths related to commercialized educational programmes would be the most 
prevalent of the myths presented. General knowledge and in-service training were 
expected to have a protective effect on the belief in myths. Furthermore, it was 
hypothesized that teachers who read popular science magazines would believe more 
neuromyths. Therefore, we additionally investigated whether certain teacher 
characteristics (e.g., age, sex, primary/secondary school teacher) were associated with 
knowledge and the number of myths. By this means, the study will provide valuable 
information about the possible prevention of neuromyths in education. 
 
METHOD 
Participants  
The total sample of 242 participants included 137 teachers from the Dorset region of the 
United Kingdom (UK) and 105 teachers from several regions in the Netherlands (NL) 
surrounding the Amsterdam area. Participants were primary school teachers (44%), 
secondary school teachers (50%) and other teachers (e.g., trainee teachers, teachers in 
special education, teaching assistants; 6%). The schools from which the teachers were 
drawn could be considered a random selection of primary and secondary schools in the 
United Kingdom and the Netherlands. Teachers from both countries were comparable in 
age (M age = 43 years, SD = 11.0; t(180.3) = 1.16, p = .249). Furthermore, the distribution 
of primary school teachers, secondary school teachers and other teachers was the same in 
both countries (χ2(2, N = 241) = 2.42, p = .298). The UK sample comprised relatively more 
female teachers (77%) than the Dutch sample (64%), χ2(1, N = 240) = 5.05, p = .025. The 
male/female ratio did not differ between primary school, secondary school and other 
teachers (χ2(2, N = 240) = 5.28, p = .071). Of all teachers, 93% were interested in scientific 
knowledge about the brain and its influence on learning. Further, 90% of the teachers 
thought that this knowledge was very valuable for their teaching practice. 
 
Procedure 
Schools in the selected regions were approached for participation in the research project. 
They were asked to forward an email with information about the research project to all 
teachers in their school. The research was presented as a study of how teachers think 
about the brain and its influence on learning. The term neuromyth was not mentioned in 
the information for teachers. Teachers who were interested in this topic and chose to 
participate, followed a link to an online survey. Average completion time was 15 minutes.  
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Measures 
The online survey included 32 statements about the brain and its influence on learning 
(see Appendix). It comprised 15 statements that were educational neuromyths, as defined 
by the OECD (2002) and Howard-Jones and colleagues (2009), e.g., ‘Individuals learn 
better when they receive information in their preferred learning style (e.g. auditory, 
visual)’. The other 17 statements were general assertions about the brain, e.g., ‘The left 
and right hemisphere of the brain always work together’. The presentation order of myth 
and knowledge assertions was randomized. Answer options were ‘incorrect’, ‘correct’ or 
‘don’t know’. Correct and incorrect assertions were balanced. Dependent variables were 
the percentage of incorrect answers on neuromyth assertions (where a higher percentage 
reflects more belief in myths) and the percentage of correct responses on general 
assertions.  
Additionally, teachers provided background information about their age, sex, level of 
education (graduate or postgraduate, and whether they had a Postgraduate Certificate in 
Education (PGCE)) and whether they were a teacher in primary or secondary school. They 
indicated whether they were interested in scientific knowledge about the brain and its 
influence on learning and whether they thought this knowledge was very valuable for 
their teaching practice. Also, they estimated the role of genes and environment in 
learning. Furthermore, they were asked whether they followed any in-service or other 
training about the brain and whether they encountered educational approaches that 
claimed to be brain-based in their school (Brain Gym, Learning styles, Multiple 
Intelligences, Left/right brain learners). Further, they indicated whether they read popular 
science magazines and/or scientific journals.  
 
Data analysis 
The data was analyzed using the Statistical Package for the Social Sciences (SPSS) version 
17.0 for Windows. For all analysis, a statistical threshold of α = .05 was used. Independent 
t-tests were performed to examine differences between countries (independent variable) 
in percentage of neuromyths and percentage of correct responses on general statements 
(dependent variables). To examine which factors predicted neuromyths, a regression 
analysis was performed for percentage of myths (dependent variable) with country, sex, 
age, school type (primary/secondary school), reading popular science, reading scientific 
journals, in-service training and percentage of correct answers on general assertions 
(predictors). A second regression analysis was performed to examine the predictors of 
neuroscience literacy. Percentage of correct answers on general assertions was the 
dependent variable, and predictors were country, sex, age, school type 
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(primary/secondary school), reading popular science, reading scientific journals and in-
service training. 
 
RESULTS 
Prevalence of neuromyths 
Overall, teachers agreed with 49% of the statements promoting myths indicating that they 
believed these myths. There was no significant difference in overall prevalence between 
countries (t(240) = .408, p = .684). An analysis of the responses for each myth showed a lot 
of variation between the myths (see Table 5.1). Seven of the 15 myth statements were 
believed by more than 50% of the teachers. The most prevalent of these myths were 1) 
‘Individuals learn better when they receive information in their preferred learning style 
(e.g. auditory, visual, kinaesthetic)’, 2) ‘Differences in hemispheric dominance (left brain, 
right brain) can help explain individual differences amongst learners’ and 3) ‘Short bouts 
of co-ordination exercises can improve integration of left and right hemispheric brain 
function’. More than 80% of the teachers believed these myths. Other statements related 
to neuromyths were often successfully identified, e.g., ‘Individual learners show 
preferences for the mode in which they receive information (e.g. visual, auditory, 
kinaesthetic)’. More than 80% of the teachers answered this statement correctly. 
With respect to the general statements about the brain, a difference between 
countries was found (t(240) = -3.09, p = .002): Dutch teachers had higher scores on 
general knowledge (M = 73% correct, SD = 12.7) than teachers from the UK (M = 67% 
correct, SD = 13.5). Scores on knowledge did not vary with the teachers’ level of education 
(UK: F(4, 133) = 0.48, p = .748; NL: F(3, 104) = 0.41, p = .743). Furthermore, there were no 
differences between primary and secondary school teachers (t(224) = -0.15, p = .879).  
Brain Gym (Brain Gym International, 2011), Learning Styles and Left-brain/Right-brain 
learning programmes were encountered significantly more often in schools in the United 
Kingdom than in the Netherlands (see Table 5.2). More teachers from the United Kingdom 
than the Netherlands followed in-service training. Dutch teachers read popular science 
magazines or scientific journals more often than teachers in the United Kingdom (see 
Table 5.2). There were significant differences between counties in teachers’ views on the 
role of genes and environment in learning. Teachers in the Netherlands gave considerably 
greater weight to genes than teachers in the United Kingdom (34% vs 22%). Teachers in 
the United Kingdom attributed more to home environment (46%) and school environment 
(29%), compared to Dutch teachers (resp. 30% and 25%). 
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Table 5.2 Teacher characteristics 
 UK NL 
Encountered in school   
Brain Gym 82%  8%  
Learning Styles 98%  64%  
Multiple intelligences 71%  67%  
Left/right brain learners 44%  18%  
Followed in-service training 66% 34% 
Read popular science 28% 73% 
Read scientific journals 38% 62% 
 
Predictors of neuromyths and knowledge 
Belief in myths was significantly predicted by general knowledge of the brain (β = .24) (see 
Table 5.3). This indicates that teachers with higher scores on knowledge were more likely 
to believe in myths. None of the other factors (country, sex, age, school type 
(primary/secondary school), reading popular science, reading scientific journals or in-
service training) predicted belief in myths. The model explained a significant proportion of 
variance (R2 = .089) in myth scores, F(8, 210) = 2.463, p = .014.  
 
Table 5.3 Predictors of neuromyths  
    95% CI for B 
 B (SE) t p lower upper 
Intercept .250 (.067) 3.73 .000 .118 .382 
Country -.001 (.020) -.072 .943 -.041 .038 
Age .002 (.001) 1.75 .082 .000 .003 
Gender .030 (.021) 1.43 .155 -.011 .071 
Teacher -.024 (.019) -1.27 .206 -.061 .013 
Read popular science .006 (.024) .256 .798 -.041 .053 
Read scientific journals -.024 (.026) -.940 .348 -.075 .027 
In-service training -.002 (.020) -.078 .938 -.040 .037 
Knowledge (% correct) .240 (.071) 3.39 .001* .100 .379 
* p < .001 
 
General knowledge of the brain was predicted by country (β = .16) and reading popular 
science magazines (β = .21) (see Table 5.4). This shows that knowledge was higher among 
Dutch teachers, and among teachers who read popular science magazines. Age, sex, 
school type, reading scientific journals and following in-service training did not relate to 
scores on knowledge. The model explained 10% of the variance, which was significant, F(7, 
210) = 3.24, p = .003. 
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Table 5.4 Predictors of general knowledge  
    95% CI for B 
 B (SE) t p lower upper 
Intercept .678 (.046) 14.631 .000 .587 .769 
Country .044 (.02) 2.270 .024* .006 .083 
Age -.001 (.001) -.688 .492 -.002 .001 
Gender -.005 (.021) -.238 .812 -.046 .036 
Teacher -.002 (.019) -.122 .903 -.039 .034 
Read popular science .067 (.023) 2.919 .004** .022 .113 
Read scientific journals .002 (.026) .065 .948 -.049 .052 
In-service training .035 (.019) 1.814 .071 -.003 .073 
* p < .05, ** p < .01 
 
DISCUSSION 
This study examined general knowledge about the brain and prevalence of neuromyths 
among teachers in specific regions of the United Kingdom and the Netherlands. It 
additionally investigated a range of candidate factors that might be associated with these 
outcomes. The results indicated that, overall, teachers believed half of the presented 
myths. Seven of the 15 myths were believed by more than half of the teachers. The most 
prevalent myths related to Brain Gym , learning styles and left-brain/right-brain learners. 
The prevalence of the different myths varied between countries. A higher incidence of 
myths (higher percentage of questions answered incorrectly) was predicted by higher 
general knowledge of the brain. The average score on general knowledge of the brain was 
around 70%. A higher number of correct answers on general statements was predicted by 
reading popular science magazines. Furthermore, general knowledge about the brain was 
higher among Dutch teachers. Teacher characteristics (age, sex, primary/secondary school 
teacher) did not predict literacy or belief in neuromyths. 
These results validate previously voiced concerns about the proliferation of 
neuromyths in the field of education (Goswami, 2006; OECD, 2002). They emphasize that 
teachers who are highly interested in brain research are susceptible to neuromyths. This is 
troublesome, as these teachers in particular may implement wrong brain-based ideas in 
educational practice. Misconceptions related to brain-based educational programmes 
were most prevalent, as was also found in a previous study with trainee teachers 
(Howard-Jones, et al., 2009). This suggests that these programmes have been successfully 
marketed within schools ever since the ‘Decade of the Brain’. The prevalence of 
misconceptions was found to vary across countries. This might be due to differences 
across countries regarding the marketing of brain-based programmes (Pasquinelli, 2012). 
For instance, in the Netherlands, there is less marketing of these brain-based 
programmes. There were no differences between countries in terms of general knowledge 
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about the brain. This suggests similar familiarity with brain research between teachers 
from both countries. 
The present research showed that knowledge about the brain was higher when 
teachers read popular science magazines. Teachers who are eager to learn about the brain 
and its possible applications in the classroom may more often search for information in 
the popular media. Furthermore, teachers’ views on the role of genetics and environment 
on learning was investigated. In our survey, teachers in both the United Kingdom and 
Netherlands gave considerably greater weight to the environment, with UK teachers 
attributing only 22% to genetic factors. This is close to the figure of 25% amongst UK 
trainee teachers surveyed by Howard-Jones and colleagues (2009). Yet, Walker and 
Plomin (2005) also surveyed UK teachers and concluded that the perception of their 
teachers that genetics was at least as important as environment in most areas was in line 
with research indicating substantial genetic influence on these domains (e.g., Plomin, 
DeFries, McClearn, & McGuffin, 2001). Differences between the studies might be related 
to confusion over the term “environment”, as suggested by Howard-Jones and colleagues 
(2009). This term can have a range of disparate meanings in education, most of which are 
narrower than its meaning within the field of genetics, and many of which may not even 
include the teacher’s efforts. 
In contrast to our hypothesis and earlier findings by Howard-Jones and colleagues 
(2009) in a sample of trainee teachers, we did not find a protective effect of knowledge on 
belief in myths. Instead, our results showed that belief in neuromyths correlated positively 
with general knowledge about the brain. It may be that a lot of interest in the brain has 
served trainees well in developing their general awareness about the brain. However, 
teachers who have worked in the field of education for a number of years, will have been 
confronted with more information about the brain and its influence on learning, both 
correct and incorrect. Apparently, it is difficult for teachers to then differentiate between 
this correct and incorrect information. This might be attributed to their eagerness to 
implement knowledge about the brain in educational practice, in combination with a lack 
of expertise in neuroscience. Although some of the teachers in our sample followed in-
service training about the brain, none of them were experts in the field of neuroscience. 
Experiments by Weisberg have shown that people with some neuroscientific knowledge 
(people who followed an introductory cognitive neuroscience class) were fooled by 
neuroscientific explanations in the same way as laypeople. Only neuroscience experts 
(defined as people who were about to pursue or had a degree in cognitive neuroscience or 
related areas) were able to correctly identify non-sense neuroscientific findings. Thus, the 
level of knowledge of teachers in our sample was not sufficient to protect them against 
the general credibility of neuroscience findings. When teachers are eager to implement 
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neuroscientific findings, but lack expertise in neuroscience and seek quick and easy 
solutions, they may fail to recognize misconceptions. 
Besides the fact that it wastes money, time and effort, the implementation of myths in 
the classroom should be prevented because it may diminish teachers’ confidence in a 
successful collaboration between the fields of neuroscience and education (Pasquinelli, 
2012; Sylvan & Christodoulou, 2010). To reduce the number of myths that currently 
proliferate within schools, we would welcome explicit education for teachers about 
neuromyths and the lack of scientific evidence for many ‘brain-based’ programmes. 
Previous research has shown that this can be effective in reducing the incidence of 
misconceptions (Dommett, Devonshire, Plateau, Westwell, & Greenfield, 2011; Kowalski & 
Taylor, 2009).  
To avoid the occurrence of misconceptions in the future, we suggest improving the 
communication between scientists and practitioners, in addition to enhancing the 
neuroscience literacy of teachers. Incorporating neuroscience courses into initial teacher 
training could enhance neuroscience literacy among teachers. In addition, initial teacher 
training should include the skills needed to evaluate scientific research (Lilienfeld, 
Ammirati, & David, 2012). This would enable teachers to develop a critical attitude 
towards the information they receive and examine scientific evidence before including 
neuroscientific findings into their teaching practice (Howard-Jones, 2009). At the same 
time, scientists are advised to check translations of their research for the popular media 
carefully. They should clearly explain what can and what cannot be concluded from their 
data (Beck, 2010). As some familiarity with brain research was not enough to distinguish 
myths from the truth, the present study highlights the importance of a dialogue between 
teachers and neuroscience experts in order to establish effective collaborations between 
the two fields (Hruby, 2012; Jolles, et al., 2006). As Dommett and colleagues (2011) 
showed, a possible framework for how this could be achieved is to let teachers decide on 
the topics of neuroscience workshops and to spend considerable time on dialogue 
between neuroscientists and teachers to reflect on the translation of this knowledge to 
classroom practices. 
The present results reflect the prevalence of neuromyths in a sample of teachers with 
a strong interest in the neuroscience of learning. This yields important information about 
teachers who may implement wrong brain-based ideas in educational practice. However, 
average scores on general knowledge and myth assertions may be somewhat different in 
the population of teachers as a whole. Teachers who are less interested in brain research 
may believe even more myths, due to a lack of knowledge about neuroscience and a lack 
of motivation to unravel difficult findings from brain research. For future research, it is 
important to examine where teachers’ incorrect ideas originate (e.g., books, colleagues, 
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commercial companies) and to perform intervention studies directed at increasing teacher 
competence in understanding the functioning of the brain. Such intervention studies 
should be performed according to the principles and approach of evidence-based or 
evidence-informed practice. This could yield valuable information for the prevention of 
myths in the future and for the development of valid educational innovations.  
In conclusion, this research suggests that teachers who are enthusiastic about the 
possible application of neuroscience findings in the classroom, often find it challenging to 
distinguish pseudoscience from scientific facts. Possessing greater general knowledge 
about the brain does not appear to protect teachers from picking up neuromyths. This 
demonstrates the need to enhance teacher professionalism and interdisciplinary 
communication to reduce such misunderstandings in the future. It is encouraging that 
teachers are eager to learn about the brain and its role in learning. Although the 
integration of neuroscience in educational practice remains challenging, joint efforts of 
scientists and practitioners may pave the way towards a successful collaboration between 
the two fields.  
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APPENDIX Neuromyth questionnaire 
 
1. We use our brains 24 hours a day. (C) 
2. Children must acquire their native language before a second language is learnt. If they do not do so 
neither language will be fully acquired. (I) 
3. Boys have bigger brains than girls. (C) 
4. If pupils do not drink sufficient amounts of water (=6-8 glasses a day) their brains shrink. (I) 
5. It has been scientifically proven that fatty acid supplements (omega-3 and omega-6) have a positive effect 
on academic achievement. (I) 
6. When a brain region is damaged other parts of the brain can take up its function. (C) 
7. We only use 10% of our brain. (I) 
8. The left and right hemisphere of the brain always work together. (C) 
9. Differences in hemispheric dominance (left brain, right brain) can help explain individual differences 
amongst learners. (I)  
10. The brains of boys and girls develop at the same rate. (I)  
11. Brain development has finished by the time children reach secondary school. (I) 
12. There are critical periods in childhood after which certain things can no longer be learnt. (I) 
13. Information is stored in the brain in a network of cells distributed throughout the brain.  
14. Learning is not due to the addition of new cells to the brain. (C) 
15.  Individuals learn better when they receive information in their preferred learning style (e.g. auditory, 
visual, kinaesthetic). (I) 
16. Learning occurs through modification of the brains' neural connections. (C)  
17. Academic achievement can be affected by skipping breakfast. (C)   
18. Normal development of the human brain involves the birth and death of brain cells. (C)  
19. Mental capacity is hereditary and cannot be changed by the environment or experience. (I) 
20. Vigorous exercise can improve mental function. (C)  
21. Environments that are rich in stimulus improve the brains of pre-school children. (I) 
22. Children are less attentive after consuming sugary drinks and/or snacks. (I)  
23. Circadian rhythms ("body-clock") shift during adolescence, causing pupils to be tired during the first 
lessons of the school day. (C)  
24. Regular drinking of caffeinated drinks reduces alertness. (C)   
25. Exercises that rehearse co-ordination of motor-perception skills can improve literacy skills. (I) 
26. Extended rehearsal of some mental processes can change the shape and structure of some parts of the 
brain. (C)  
27. Individual learners show preferences for the mode in which they receive information (e.g. visual, auditory, 
kinaesthetic). (C) 
28. Learning problems associated with developmental differences in brain function cannot be remediated by 
education. (I)   
29. Production of new connections in the brain can continue into old age. (C) 
30. Short bouts of co-ordination exercises can improve integration of left and right hemispheric brain 
function. (I) 
31. There are sensitive periods in childhood when it's easier to learn things. (C)   
32. When we sleep, the brain shuts down. (I) 
 
Note: Neuromyth assertions are presented in italic; C = correct, I = incorrect 
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CHAPTER 6 
 
Teaching about ‘Brain & Learning’ in high school 
biology classes: Effects on teachers’ knowledge 
and students’ theory of intelligence 
 
Dekker, S., Boerebach, R.Z.M., Kortekaas, H., & Jolles, J. 
 
Abstract 
This study evaluated the effects of a ‘Brain & Learning’ teaching module on both teachers’ 
knowledge and students’ beliefs about learning potential. The module comprised 3 
lessons about brain development, plasticity and learning. Participants were 40 biology 
teachers who were interested in ‘Brain & Learning’ and 1241 students (grade 8-9). Data 
were obtained in a controlled intervention which was executed according to a waiting-list 
control group design. Online questionnaires were completed to examine teachers’ 
knowledge and students’ beliefs. Results indicated that before intervention, teachers were 
less familiar with brain functions and brain development than with basic neuroscience 
(47% vs 76% of the questions correct). Teachers’ knowledge of brain functions and 
development was significantly higher after implementation of the module (64% correct). 
After the intervention, students in the intervention group more often believed in the 
malleability of intelligence than students in the control group (29% versus 21%). This 
suggests that the teaching module enhanced teachers’ knowledge and promoted effective 
student beliefs about intelligence. Together with positive teacher and student evaluations, 
these results emphasize the value of the teaching module for current high school biology 
curricula. 
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INTRODUCTION 
Knowledge of brain development and the brain’s involvement in learning has rapidly 
increased in the last decade. These new insights may have relevance for educational 
practice (e.g., Howard-Jones, 2010; Jolles et al., 2005; OECD, 2002, 2007; Spitzer, 2012). 
For instance, learning about brain and neuropsychological development in adolescents 
may increase teachers’ understanding of typical adolescent behaviors such as risk taking. 
This may positively influence teachers’ patience, optimism and improve a professional 
attitude towards students (Hook & Farah, 2012). Furthermore, understanding the 
processes underlying learning and memory formation may help teachers to improve 
classroom practices (Dommett, Devonshire, Plateau, Westwell, & Greenfield, 2011). For 
example, when teachers understand that learning involves the formation of strong 
connections within networks of neurons in the brain, and that brain connections are 
strengthened by rehearsal, they may take more efforts to rehearse frequently in their 
lessons. There is a growing interest among teachers to learn more about the brain and 
implement this knowledge into educational practice (Pickering & Howard-Jones, 2007; 
Serpati & Loughan, 2012). Particularly, science teachers are eager to embed topics related 
to neuroscience in their curricula (Dubinsky, 2010) Yet, current biology textbooks only 
cover the fundamental aspects of neuroscience, such as the senses, the human nervous 
system and neurobiological and physiological processes underlying neuronal transmission 
(e.g., Waas, 2009). It can therefore be questioned whether biology teachers know enough 
about brain functions and the brain’s involvement in learning. A recent study indeed 
showed that there are many misconceptions about the brain among teachers who are 
interested in the neuroscience of learning (Dekker, Lee, Howard-Jones, & Jolles, 2012). 
This indicates a need to enhance teachers’ understanding of the brain and its functions.  
Therefore, we developed a teaching module for high school biology classes about 
‘Brain & Learning’. In three lessons, this module addressed several important themes 
related to brain development during adolescence, processes underlying learning, 
attention and memory formation, brain plasticity and biological and neuropsychological 
influences on learning (e.g., alcohol use). Students are often very interested in these 
topics, possibly because they can easily be related to their own life and interests (Cameron 
& Chudler, 2003; Foy, Feldman, Lin, Mahoney, & Sjoblom, 2006; Zardetto-Smith, Mu, 
Phelps, Houtz, & Royeen, 2002). The main aim of the teaching module was to give 
teachers and students insight into 1) neuropsychological development during 
adolescence, 2) brain processes underlying learning and 3) various external factors that 
can influence learning performance.  
Students may benefit academically from knowledge as provided in this ‘Brain & 
Learning’ module. It may change their ideas about learning potential, as suggested by 
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previous research (Blackwell, Trzesniewski, & Dweck, 2007). Learning is an active process 
where performance is amenable to improvement. Training, rehearsal, a change in attitude 
and strengthening of pre-existing insights and experiences are crucial for the outcome of 
the learning process. Previously, it was found that understanding the concept of brain 
plasticity can alter implicit beliefs about intelligence, so called ‘theory of intelligence’ (TOI; 
Dweck, 1986). Intelligence may either be viewed as a fixed quantity where one has little 
influence over (referred to as ‘entity theory’), or as a malleable trait that can be improved 
by effort (referred to as ‘incremental theory’). Understanding that the brain is shaped by 
experience promotes an incremental theory (Blackwell, et al., 2007; Dweck, 1986). Holding 
an incremental TOI has been related to higher school motivation and better student 
achievement (Blackwell, et al., 2007). Thus, next to enhancing teachers’ competence, a 
teaching module about ‘Brain & Learning’ may also have positive effects on student 
outcomes.  
The aims of this study were twofold: 1) to enhance teachers’ knowledge of the brain 
and its involvement in learning and 2) to teach students an incremental TOI. To achieve 
these aims, the teaching module about ‘Brain & Learning’ was taught in high school 
biology classes of grade 8-9. All participating teachers were interested in how the brain is 
involved in learning. A waiting-list control group design was used, comparing teachers who 
had implemented the teaching module to a control group of teachers who had not yet 
been involved with the module. This between-group design was chosen to avoid learning 
effects on the knowledge questionnaire that was used. Before intervention, teachers’ 
knowledge of the brain and its involvement in learning was compared to their knowledge 
of basic neuroscience concepts (e.g., neuronal transmission, central nervous system). 
Next, we examined the effects of the teaching module on teachers’ knowledge. With 
respect to teacher outcomes, the hypotheses were that 1) before intervention, teachers’ 
knowledge of ‘Brain & Learning’ would be significantly lower than knowledge of basic 
neuroscience concepts and 2) teachers who implemented the teaching module would 
have more knowledge of ‘Brain & Learning’ than teachers in the waiting-list control group. 
With respect to student outcomes, we expected that incremental theories of intelligence 
would be more prevalent among students in the intervention group compared to students 
in the waiting-list control group. 
 
METHOD 
Participants 
A total number of 41 teachers and 1241 students of grade 8-9 from schools across the 
Netherlands participated in this research. The intervention group consisted of 18 teachers 
and 456 students. The initial waiting-list control group comprised 23 teachers and 785 
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students. Yet, data on the knowledge questionnaire were missing for 1 teacher in this 
group, leaving N = 22 teachers in the waiting-list control group. All teachers and students 
were involved in high educational tracks, which prepare students for higher tertiary 
education like professional education programs and/or university. Almost all teachers 
(98%) indicated that they were interested in the brain and how it is involved in learning. 
There were no differences between groups with respect to teachers’ background 
characteristics (e.g., age, education level and teaching experience and foreknowledge) 
(see Table 6.1), students’ age (M = 14.5; SD = .65; t(1200) = 1.14, p = .256) or sex (χ2(1, N = 
1239) = .385, p = .535). Data from 6 teachers and 348 students were missing for the 
evaluation questionnaire afterwards.  
 
Table 6.1 Teacher characteristics 
 Intervention 
group 
 
Control 
group 
 
Test statistic 
N 18 22  
Age M(SD) 43.4 (10.4) 47.6 (10.7) t(38) = -1.263, p = .214 
Years teaching M(SD) 13.3 (11.0) 17.7 (10.6) t(38) = -1.286, p = .206 
Sex  Male 44% 27% χ2(1, N = 40) = 1.28, p = .212 
 Female 56% 73%  
Education level Higher education 39% 36% χ2(1, N = 40) = .027, p = .564 
 University 61% 64%  
Attended at least 1 lecture about ‘Brain & 
Learning’ before participation 
61% 50% χ2(1, N = 40) = .494, p = .351 
Read at least 1 popular book about ‘Brain & 
Learning’ before participation 
44% 27% χ2(1, N = 40) = 1.28, p = .212 
 
Procedure  
The schools that were approached for participation in this study could be considered a 
random selection of secondary schools distributed across the Netherlands. Emails were 
sent to the schools administration, with the request to forward information about the 
research project to their biology teachers. Biology teachers who were interested to 
participate followed a link to an online registration form where they provided contact 
information and indicated their availability for two research periods. After at least 40 
teachers signed up for participation, the registration form was closed. The teachers chose 
in which classes they wanted to implement the module. Thus, the selection of students 
was defined by the teachers. Students were informed about the project by information 
letters sent to their home address. All students took part in the lessons. If informed 
consent was signed by the parents, students also participated in the research. 
The design of the study is schematically represented in Figure 6.1. Teachers were 
allocated to either the intervention or waiting-list control group. Their time availability 
played a role in group allocation. Teachers who signed up for the first research period 
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were assigned to the intervention group. The remaining teachers were assigned to the 
waiting-list control group. All participants were blind for group allocation. Teachers of the 
same school always participated in the same research period. When there was 
incongruence in time availability of teachers in the same school, they were contacted and 
asked to decide upon the research period that fitted both of them. This was to avoid 
consultations between teachers in the intervention and waiting-list control group. After 
group allocation, teachers either started the project directly (intervention group) or 
waited several weeks before the project started (waiting-list control group).  
At the start of the project, teachers received an information letter and the required 
materials. The information letter contained the planning, procedure and described what 
was expected from the teachers. Lesson materials included an extensive protocol, 
additional Powerpoint presentations and in-depth background information. Furthermore, 
teachers received access to an online discussion forum. This forum facilitated exchange 
with fellow participants and the researchers who developed the teaching module. All 
teaching materials and suggestions for further reading were available on this forum.   
Assessment took place after the intervention group had received the teaching module, 
and before the waiting-list control group received any of the materials. For both teachers 
and students, assessment consisted of completion of an online questionnaire. For 
teachers, this took about 20 minutes to complete, students needed about 10 minutes. 
Teachers and students from the control group completed the evaluation part of the 
assessment after implementation of the lessons.  
 
Measures 
Background characteristics 
Both teachers and students completed a questionnaire about background characteristics, 
including demographic variables. Teachers additionally reported interest in ‘Brain & 
Learning’ and whether they had attended lectures or read books on this topic.  
 
Evaluation of the teaching module 
Both teachers and students evaluated the teaching module and reported their 
experiences with the program (e.g. interest and appraisal of the teaching module, quality 
of the teaching module, reactions to the teaching module, general feedback on the 
teaching module). Additionally, teachers were asked about adherence to the protocol.  
 
Knowledge questionnaire (for teachers) 
A questionnaire was developed to assess knowledge of 1) the various brain functions and 
brain development (based on information presented in the teaching module) and 2) basic  
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Figure 6.1 Study design 
 
Week 2-4 
Week 10 
Week 7-9 
Week 5 
Week 1 
Week 6 
All participants 
 
Allocation to 
Intervention group 
Receive all teaching 
module materials 
Implementation 
teaching module 
Online questionnaire 
(knowledge part) 
Online questionnaire 
(knowledge + evaluation) 
Receive all teaching 
module materials 
Online questionnaire 
(evaluation part) 
Implementation 
teaching module 
Participant was notified about 
group allocation 
Allocation to waiting-
list control group 
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neuroscience concepts (based on themes included in the standard biology curriculum). 
The questionnaire consisted of 16 forced-choice questions (true, not true, I don’t know), 4 
multiple choice questions and 6 open-ended questions. Dependent variables were the 
percentage of correct answers on questions about brain functions and development and 
the percentage of correct answers on basic neuroscience questions.  
 
Theory of intelligence (for students) 
To assess the students’ TOI, students were asked to choose from four statements 
regarding the ability to change intelligence. They had to complete the following sentence 
about intelligence: “ You are born with a certain amount of intelligence...”. Answer 
options were 1) and you can’t do anything to change it (strong entity theory), 2) and you 
can do little to change it (moderate entity theory), 3) but you can change to some extent 
how intelligent you are (moderate incremental theory) or 4) but you can always change 
how intelligent you are (strong incremental theory). These statements were based on 
previous work by Dweck (1986). 
 
Teaching module 
The teaching module about ‘Brain & Learning’ comprised 3 lessons: 1) General information 
about the brain in relation to learning and memory, 2) The development of the brain 
during adolescence and its consequences for adolescent behavior (e.g. risk-taking, 
impulsiveness, sensitivity to peer-pressure) and learning, and 3) The consequences of 
biopsychological factors and behavioral habits on the brain (e.g., alcohol, nutrition, sleep, 
stress, physical exercise). A summary of the content of the lessons can be found in the 
Appendix. Each lesson was structured by a protocol and included information, 
assignments, movie fragments and interesting facts. To control for differences between 
teachers, ‘main points’ were defined for each lesson that teachers were obliged to discuss 
with their students. Next to the lesson protocol, there was an additional manual for 
teachers containing more in-depth information, explication of neuromyths and 
suggestions for how they could translate the findings to improve their teaching practice. 
For example, they were advised to bring variation into their lessons to keep the students’ 
attention.  
 
Data-analyses 
All data processing took place using the Statistical Package for the Social Sciences (SPSS) 
v.20 for Windows. First, knowledge of teachers in the control group was assessed (before 
intervention). A paired t-test was used to assess differences between knowledge of brain 
functions and development and knowledge of basic neuroscience. Second, to examine the 
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teacher effects of the intervention, an independent t-test was used to examine differences 
in knowledge of brain functions and development (dependent variable) between the 
intervention and the waiting-list control group. Third, a regression analysis was performed 
to examine which factors predict knowledge of brain functions and development. 
Predictors were intervention group (0 = control, 1 = intervention), sex, education level (0 = 
higher professional education (university of applied sciences), 1 = university), years 
teaching, percentage correct answers on basic neuroscience questions, foreknowledge of 
brain and learning: lecture attendance (0 vs 1 or more lectures) and foreknowledge: books 
about the topic (0 vs 1 or more books). For student outcomes, the four answer options for 
TOI were strong entity (1), moderate entity (2), moderate incremental (3) and strong 
incremental (4). A chi-square test was used to examine whether the distribution of theory 
of intelligence differed between groups. The statistical threshold was α = .05. 
 
RESULTS 
Teachers’ knowledge 
Knowledge before intervention 
Pre-existing knowledge was assessed in teachers who did not have access to any of the 
teaching materials yet (waiting-list control group). The teachers answered 47% of the 
questions about brain functions and development correctly. This was significantly lower 
(t(21) = -7.198, p < .000) than performance on basic neuroscience assertions, where they 
answered 78% of the questions correctly. This indicates that teachers knowledge of brain 
functions and development is significantly lower than their knowledge of basic 
neuroscience.  
 
Knowledge after intervention 
An independent t-test showed that knowledge of brain functions and development was 
significantly higher in the intervention group than in the control group (t(38) = 4.881, p < 
.000). Teachers who taught the module answered on average 65% of the questions 
correctly, compared to 47% in the control group. Basic neuroscience knowledge did not 
differ between groups (t(38) = 1.121, p = .269) (see Table 6.2). 
 
Table 6.2 Percentage of correct answers 
 Intervention group 
M(SD) 
Control group 
M(SD) 
Knowledge of brain functions and development 65% (12.2) 47% (11.2) 
Basic neuroscience knowledge 84% (13.3) 78% (17.8) 
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Predictors of knowledge of brain functions and development 
A regression analysis showed that knowledge of brain functions and development was 
predicted by intervention group (β = .57) and foreknowledge: lectures (β = .34) (see Table 
6.3). This indicates that knowledge of brain functions and development was higher in the 
intervention group than in the control group. Furthermore, knowledge was higher among 
participants who followed one or more formal presentations (e.g., seminars, workshops) 
about ‘Brain & Learning’ outside this study. Knowledge of brain functions and 
development was not predicted by sex, educational level, number of years teaching, 
reading popular books about the topic, or basic neuroscience knowledge. The model 
explained a significant proportion of variance (R2 = .56) in knowledge of brain functions 
and development, F(7, 39) = 5.71, p < .000.  
Table 6.3 Predictors of knowledge of brain functions and development  
    95% CI for B 
 B (SE) t p lower upper 
Intercept .440 (.098) 4.47 .000 .24 .64 
Intervention group .166 (.038) 4.36 .000** .09 .24 
Sex .043 (.038) 1.15 .260 -.03 .12 
Educational level .058 (.046) 1.28 .210 -.04 .15 
Years teaching -.003 (.002) -1.90 .066 -.01 .00 
Foreknowledge: lectures .100 (.038) 2.65 .012* .02 .18 
Foreknowledge: books -.004 (.040) -.113 .911 -.09 .08 
Basic neuroscience knowledge -.037 (.139) -.267 .791 -.32 .25 
* p < .05, ** p < .01 
 
Student outcome: Theory of intelligence 
The distribution over four types of TOI (strong entity, moderate entity, moderate 
incremental, strong incremental) was examined for both groups using Chi-square tests. A 
significant between-group difference was found in TOI, χ2(3) = 14.7, p = .002. Figure 6.2 
displays the distribution of the different theories for both the intervention and the control 
group. The standardized residuals of each category showed that the strong incremental 
view was more frequent in the intervention group (29%, z = 2.4, p < .05) than in the 
control group (21%, z = -1.8, p > .05). Thus, students were more likely to hold a strong 
incremental theory when they followed a module that addressed brain plasticity. 
 
Evaluation of the teaching module 
Teacher evaluation (N = 35) 
Almost all teachers (94%) found the lessons informative for students. Sixty percent of the 
teachers rated the quality of the information in the teaching module as ‘high’, another 
37% ‘average’, and 3% ‘poor’. Furthermore, a large majority (89%) indicated that students  
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Figure 6.2 Distribution of TOI among the control and intervention group. * p < .05. 
 
reacted positively to the lessons. The attractiveness of the module (whether it was fun 
and interesting) was rated ‘high’ by 46% of the teachers, ‘average’ by 43% and ‘poor’ by 
11% of the sample. Teachers were not sure whether the lessons stimulated their students’ 
school motivation. Improvements in school motivation were mentioned by 11% of the 
teachers. On a scale from 1-10, the average report mark for the teaching module was 6.9 
[SD = 1.2; range = 3.0-8.9]. Teachers mainly suggested to increase the number of 
assignments for students, and to decrease the amount of information. Most of the 
teachers (80%) would recommend the module to other teachers. Additionally, 89% of 
them would encourage the incorporation of this module into the standard biology 
curriculum.  
 
Student evaluation (N = 893) 
Most students (81%) would recommend the teaching module to other schools. They were 
most satisfied about the amount and clarity of the information. One third of the students 
was eager for more tips for learning. Improvements could be made in how useful it was 
for learning, according to 56% of the students. The majority of the students (65%) advised 
to improve the attractiveness of the materials, for instance by including more movies 
and/or other media.  
 
* 
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DISCUSSION 
This study examined the effect of a ‘Brain & Learning’ teaching module on teachers’ 
knowledge and students’ theory of intelligence (TOI). Before intervention, teachers’ 
knowledge of brain functions and development was significantly lower than knowledge of 
basic neuroscience concepts (47% vs 78% correct answers). General knowledge of basic 
neuroscience concepts did not predict knowledge of brain functions and development. 
Yet, teachers who had attended at least one formal presentation (seminar/workshop) 
about ‘Brain & Learning’ before participation in this study knew more about brain 
functions and development than teachers who did not attend any lecture. Furthermore, 
teachers who had taught the newly developed module knew more about brain functions 
and development than teachers in the control group. With respect to students’ TOI, we 
found that strong incremental theories were more frequent in the intervention group than 
the control group. This suggests that the teaching module was effective in enhancing 
teachers’ knowledge of brain functions and development and in promoting an incremental 
TOI in students.  
Our results confirm that teachers who are interested in the brain and its involvement 
in learning are not very familiar with the topic. This was previously found in trainee 
teachers in the UK (Howard-Jones, Franey, Mashmoushi, & Liao, 2009) and teachers’ 
interested in the neuroscience of learning (Dekker, et al., 2012). A lack of familiarity with 
the topic may be due to a lack of training, as new insights about brain functions and 
development have been obtained in the past decade, and are currently not embedded in 
teacher training. This research project showed that knowledge was higher when teachers 
had attended one or more lectures about ‘Brain & Learning’. This is congruent with 
previous research showing that neuroscience workshops led to increases in teachers’ 
neuroscientific knowledge (Dommett, et al., 2011; MacNabb et al., 2006). Furthermore, 
our study showed that knowledge was positively predicted by teaching a module on this 
topic. Thus, it suggests that implementation of a teaching module can be a successful 
method to stimulate professionalization of biology teachers in the field of behavioral 
neuroscience.  
Furthermore, the intervention was related to effective student beliefs about 
intelligence. When students had learned about brain plasticity and knew that the brain is 
shaped by experience, they more often held an incremental TOI. Congruent with the study 
of Blackwell (2007), this finding shows that a short intervention about brain plasticity can 
enhance an incremental theory of intelligence in students.  
The study showed that it was feasible to embed a teaching module in the current 
biology curriculum. According to the involved teachers and students, this teaching module 
could make a valuable contribution to the current high school biology curriculum. The 
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majority of teachers and students thought that the lessons were informative and of good 
quality. Their suggestions for improvement related to the attractiveness of the materials 
of the teaching module. Ideally, biology teachers themselves should be involved in this 
process (Dommett, et al., 2011). Future research could focus on more long-term outcomes 
of implementation of the teaching module (e.g., student achievement). 
The current results about teachers’ knowledge only reflect the performance of 
teachers who are interested in how the brain is involved in learning. Poor familiarity with 
the topic may be particularly concerning in this group, because these teachers will be 
most eager to implement their (wrong) ideas in practice (Dekker, et al., 2012). When 
generalizing the results, it needs to be considered that scores may be somewhat different 
in the general population of high school biology teachers. Also, we must be careful to 
draw conclusions about causality, as we did not measure within-group changes in 
knowledge and TOI over time. Future research is needed to address this issue.  
In conclusion, this study showed that implementation of a teaching module about 
‘Brain & Learning’ was a successful method to professionalize biology teachers in the field 
of behavioral neuroscience. Furthermore, this teaching module promoted more effective 
student beliefs about intelligence, which has previously been related to improvements in 
academic achievement. Therefore, we argue that teaching modules like the one described 
in this article can be a valuable addition for the current high school biology curriculum. It 
can contribute to a successful integration of neuroscience in education and may 
consequently improve the quality of education.  
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NEED FOR INTERVENTION 
 
 
 
CHAPTER 7 
The need for a 
neuropsychological intervention 
 
Many concerns have been raised about the school performance of young adolescent boys 
(10-14 years) (e.g., Moreau, 2011). Data from Statistics Netherlands (2012) have validated 
these concerns for the Dutch population. Grade retention, streaming down to lower 
educational tracks and early school leave were more common among boys than girls 
during early adolescence. The discrepancy in school performance of boys and girls may be 
attributed to psychological differences in the domains of neurocognitive function, 
attitudes and/or beliefs. It is well established that academic success is largely dependent 
upon a student’s ability to engage in goal-directed behaviors, their so-called executive 
abilities (Best, Miller, & Naglieri, 2011; Blair & Diamond, 2008; Demaray & Jenkins, 2011; 
Endedijk, Denessen, & Hendriks, 2011; Latzman, Elkovitch, Young, & Clark, 2010). More 
than intelligence, self-discipline has been found to predict academic achievement in 
adolescence (Duckworth & Seligman, 2005). Students need to neglect distracting 
information and to keep attention for a longer period of time, otherwise they may miss 
important information taught in the classroom. Also, they need to be able to control 
impulsive behaviors in order to stay focused in class. For homework to be completed in 
time, students need good planning abilities. They need to set goals and to prioritize their 
activities. There is much individual variation in students’ ability to engage in these goal-
directed behaviors. Particularly, young adolescent boys find it difficult to engage in goal-
directed behaviors. This can interfere with their ability to learn and make them more 
susceptible to poor school outcomes (Demaray & Jenkins, 2011). This indicates the need 
to focus on improving executive abilities during early adolescence. Young adolescents still 
have to learn how they can successfully engage in goal-directed behaviors. Therefore, this 
part of the thesis describes an approach to improve the executive skills of young 
adolescents.  
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Underlying mechanism 
Inattention, impulsive behavior and poor planning abilities during early adolescence (10-
15 years) have been related to immaturity of the executive abilities and associated brain 
areas at this age (Bunge & Wright, 2007). Neuroimaging research showed that brain 
development protracts into late adolescence (Giedd, 2004, 2008; Gogtay et al., 2004). Late 
maturation was found in particular prefrontal brain areas, which underlie the executive 
functions. Together with ongoing brain development, executive abilities continue to 
improve throughout adolescence (Best & Miller, 2010). Importantly, the rate of brain 
maturation was found to differ between boys and girls (De Bellis et al., 2001; Lenroot et 
al., 2007). Grey matter volumes peak 1 to 4 years later in boys than in girls, indicating a 
developmental lag for boys (Lenroot, et al., 2007). This delayed maturation of executive 
functions and underlying prefrontal brain areas in boys may be one of the factors 
underlying the impulsive behaviors of young adolescent boys.  
 
Environmental influences on brain development 
Development of executive functions is susceptible to environmental influences, for 
instance the family, school, and living area. Children and adolescents need to adjust their 
behavior to the constraints posed by parents, teachers and peers. In this way, they 
practice goal-directed behaviors at home and at school. It prepares them to become 
independent decision-makers who are able to prioritize their activities themselves. Young 
adolescents who find it difficult to engage in goal-directed behaviors still have to learn to 
inhibit their impulses and to plan ahead (Jolles, 2011). Intervention studies have shown 
that these executive abilities can be trained (e.g., Diamond, Barnett, Thomas, & Munro, 
2007; Diamond & Lee, 2011; Zinke, Einert, Pfennig, & Kliegel, 2012). Therefore, executive 
function training may be particularly useful for them.  
Yet, executive function trainings are currently only available for children or adolescents 
with severe executive function deficits, like Attention Deficit Hyperactivity Disorder 
(ADHD) (e.g., Axelrod, Zhe, Haugen, & Klein, 2009; Barkley, 2004; Bussing, Zima, Mason, 
Porter, & Garvan, 2011; Chronis, Jones, & Raggi, 2006; DuPaul & Evans, 2008; Fabiano et 
al., 2009; Hoffman & DuPaul, 2000; Murphy, 2005; Pelham & Fabiano, 2008; Purdie, 
Hattie, & Carroll, 2002; Raggi & Chronis, 2006; Ramsay, 2009; Schultz, Storer, Watabe, 
Sadler, & Evans, 2011). In this chapter, we argue that adolescents with immature 
executive abilities may benefit from similar interventions. This is because the severity of 
attentional and executive disabilities can be represented on a continuum within the 
general population, where ADHD symptoms lie at the end of this continuum (Frazier, 
Youngstrom, & Naugle, 2007). ADHD is a pervasive neurodevelopmental disorder, which 
originates in childhood and can persist into adulthood. A diagnosis of ADHD indicates that 
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executive deficits lead to impairments that largely interfere with daily functioning 
(American Psychiatric Association, 2000). In contrast, adolescents with immature 
executive abilities experience less severe and persistent difficulties. Nevertheless, the 
similarity in the nature of the problems suggests that certain elements from interventions 
for adolescents with severe executive function deficits may also be beneficial for 
populations with milder, more temporary executive function difficulties. Therefore, we 
suggest to transfer interventions from health care practices to school settings.  
 
Neuropsychological interventions 
In particular, interventions based on neuropsychological principles may have potential to 
stimulate the development of executive abilities (Jolles, 2011). Neuropsychological 
interventions have their origin in the domain of health care, where experimental 
interventions were developed and targeted at elderly people and patients with mild to 
moderate executive dysfunction (Hoogenhout, de Groot, & Jolles, 2011; Hoogenhout, de 
Groot, van der Elst, & Jolles, 2012; In de Braek, Dijkstra, Ponds, & Jolles, 2012; Valentijn et 
al., 2005; Van Hooren et al., 2007). The type of intervention that was developed within our 
research group includes psychoeducation, skills training and self-evaluation in a small 
group setting. The value of these components separately has been widely acknowledged 
for ADHD populations (Axelrod, et al., 2009; Barkley, 2004; Chronis, et al., 2006; Langberg, 
Epstein, Urbanowicz, Simon, & Graham, 2008; Montoya, Colom, & Ferrin, 2011; Pelham & 
Fabiano, 2008). The joint importance of psychoeducation, skills training and group 
discussions has previously been shown in other populations, for instance older adults with 
subjective memory complaints and adults with ADHD (Hoogenhout, et al., 2011; 
Hoogenhout, et al., 2012; In de Braek, et al., 2012; Valentijn, et al., 2005; Van Hooren, et 
al., 2007). These interventions have been related to improvements in subjective well-
being (Hoogenhout, et al., 2012; Valentijn, et al., 2005; Van Hooren, et al., 2007), coping 
with difficulties (Van Hooren, et al., 2007), metacognition (Hoogenhout, et al., 2012) and 
cognitive performance as rated by a clinician (In de Braek, et al., 2012). In some cases, 
they have also led to improvements in objective cognitive performance (Valentijn, et al., 
2005). This suggests that learning ‘what’, learning ‘how’ and learning ‘why’ are crucial 
ingredients for a successful intervention. 
Psychoeducation aims to provide information about causes, consequences, and coping 
strategies. Increased knowledge has been related to better understanding of behavior, 
more realistic expectations and better coping skills (Commissaris, Verhey, & Jolles, 1996; 
Hoffman & DuPaul, 2000; Montoya, et al., 2011). For instance, understanding that the 
difficulties adolescents perceive will be temporary in nature may change their 
expectations of what they can achieve in school. Similarly, knowing that brain 
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development can be stimulated can positively influence their effort and school motivation 
(Blackwell, Trzesniewski, & Dweck, 2007).  
Understanding their own behavior and the factors which guide it is an important first 
step. Next, young adolescents have to learn the skills to exert control over their behavior. 
Behavioral management skills training can provide adolescents the necessary 
compensatory techniques to engage in efficient study behavior. In children and 
adolescents with ADHD, self-monitoring techniques have been positively related to 
academic achievement and on-task classroom behavior (Evans, Langberg, Raggi, Allen, & 
Buvinger, 2005; Raggi & Chronis, 2006). An important aspect of self-monitoring involves 
goal setting and goal management. According to goal management training programs 
(e.g., Levine et al., 2000), adolescents have to learn that they should define a clear goal 
before they start a task. Large goals have to be split into smaller subgoals. Next, they 
should consider all possible routes they can take to achieve their goals, and consider the 
short-term and long-term consequences of each option. This is necessary to prioritize the 
tasks. During and after task completion, students should check whether they work 
according to the goals. They need to learn that self-regulated internal speech can help to 
control interfering thoughts and direct their attention back to the goal of the task.  
Providing an intervention in a group has been associated with several merits over 
individual training. For instance, it allows for peer modeling, normalization, peer and 
group feedback and mutual reinforcement. Self-evaluation skills can be positively 
influenced by the feedback from peers. In group discussions about learning behavior and 
attitudes, adolescents can exchange experiences, learn from each other, share their 
opinions with peers and give others suggestions for improvement. Identification with 
peers may lead to increased acceptance of their behavior. Another advantage relates to its 
cost-effectiveness. Group cognitive behavior therapy (CBT) in children has been related to 
a higher cost-effectiveness compared to individual CBT (Tucker & Oei, 2007). Yet, a 
disadvantage of group training is that there is less time available for each participant. 
Further, there is a risk for negative peer modeling or confrontations between group 
members (Morrison, 2001). Also, a group may be less effective when much time is wasted 
on small-talk (Morrison, 2001). However, a large randomized controlled study in children 
with anxiety disorders showed that treatment effectiveness on primary outcomes was still 
the same in group and individual settings (Liber et al., 2008).  
 
Conclusion  
We argued that a neuropsychological intervention based on psychoeducation, skills 
training and self-evaluation may offer a valuable solution to stimulate the development of 
executive abilities during early adolescence. Therefore, we suggest a new and innovative 
90 
 
 
NEED FOR INTERVENTION 
approach, where such an intervention is implemented in a school setting. We believe that 
this is not only necessary for improving the achievements of young adolescent boys in 
secondary school, but also paves the way towards a more evidence-based educational 
system.  
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CHAPTER 8 
A neuropsychological intervention:  
Brain Lessons 
 
This chapter describes the content of a newly developed intervention. This intervention 
called Brain Lessons [in Dutch: Leer het brein kennen] is based on neuropsychological 
principles. It targets self-regulation skills in young adolescent boys. The aims of the 
intervention were threefold. First, it aims to increase knowledge about the brain and its 
involvement in learning. Second, it focuses on the improvement of self-evaluation skills 
with respect to classroom behavior and homework attitudes. And third, it aims to improve 
self-regulation skills. This is described in more detail below. 
 
Program description 
The intervention comprises 9 lessons of 50 minutes. Every lesson includes psycho-
education, goal management training, and group discussions to exchange experiences. 
The structure of the lessons is presented in Table 8.1. Lessons are given twice a week after 
school hours and take place at school. Intervention groups consist of maximum 8 boys, 
guided by one or two trained teachers. 
 
Table 8.1 Structure of the lessons 
Time Content 
15 min Discussion of homework 
10 min Psycho-education 
10 min Goal Management Training 
10 min Exercises  
5 min Explanation homework 
 
Psychoeducation 
The psycho-education in Brain Lessons is focused on the brain and cognitive functions 
implicated in learning. Adolescents learn how the brain is involved in learning, and how 
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they can use this knowledge to improve learning. It will increase their understanding of 
causes, consequences and possible coping strategies. In this way, adolescents learn how 
they can influence their own learning process and exert control over their behavior. Each 
lesson had a specific theme, notably the brain, attention, planning, impulsivity, memory 
and contextual influences on learning. There are three key concepts repeatedly 
emphasized throughout the intervention. These concepts are related to ‘brain 
development during adolescence’, ‘individual differences in development’ and ‘brain 
plasticity’. More detailed information about the content of the lessons can be found in the 
Appendix.  
 
Goal Management Training 
Self-regulation skills were trained with a neuropsychological approach (Hoogenhout, de 
Groot, & Jolles, 2011; In de Braek, Dijkstra, Ponds, & Jolles, 2012; Valentijn et al., 2005; 
Van Hooren et al., 2007). It is based upon the so-called ‘Goal Management Training’ 
(GMT), originally proposed by Robertson and Levine (Levine et al., 2000). GMT involves 
teaching a strategy to increase self-control and goal-directed behavior. Participants 
learned to use internal speech to regulate their behavior. This self-regulated internal 
speech helps to control interfering thoughts and to direct attention back to the goal of the 
task (Luria, 1973; Tullett & Inzlicht, 2010). In our approach, four steps are defined for goal-
directed behavior (see Table 8.2). 
 
Table 8.2 Goal Management Training 
Step 1: STOP!  Stop and focus, by using a personal catchphrase  
Step 2: SET a goal!  Set a goal, think what you need to do. Ask yourself: ‘What is my goal? Am I 
working towards my goal?’ 
Step 3: SPLIT the tasks!  If goals are large and complex, a task needs to be split into smaller subtasks. 
Subgoals need to be defined, which have to be prioritized. It is important to 
check whether the main goal (step 2) is covered by all subgoals. 
Step 4: CHECK!  Check your work after task completion. Go back to step 1 to focus your 
attention. Next, go to step 2 and compare your work to the goal. Did you reach 
your goal? 
 
Group discussions 
Group discussions were included to train self-evaluation skills and to stimulate self-
monitoring. During the group discussions, participants were encouraged to translate the 
general information and strategies they learned to their personal situation. They were 
stimulated to verbalize their thoughts and actions. The group-based approach allows for 
peer modeling, normalization, peer and group feedback and peer reinforcement. 
Participants could exchange experiences, share opinions and give suggestions for 
improvement to their peers. Identification with peers may lead to increased acceptance of 
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their behavior. Furthermore, it may stimulate the development of metacognitive 
awareness about learning and behavior. The program was targeted to boys aged 12-15 
years. These boys were all characterized by predominantly externalizing behaviors. The 
severity of these characteristics was below clinical levels. Boys were not eligible for 
participation if there was a diagnosis of a developmental, socio-emotional or behavioral 
disorder, or if they showed anti-social behavior in the classroom. The single gender group, 
together with similarity in behavioral characteristics, allowed for sufficient resemblance 
between group members.   
 
Workbook  
All participants received a workbook at the start of the intervention. This workbook 
contained the information that was considered in every lesson. It started with a short 
overview, stating ‘What was the theme of this lesson?’, ‘What did we do?’, ‘What did we 
learn?’ and ‘What are the homework assignments?’. This short overview was followed by 
a more extensive summary of the psychoeducation and GMT. Adolescents were asked to 
read this summary and discuss it with their parents. Participants were required to bring 
the workbook to every lesson. The workbook contained exercises that had to be 
completed during the lessons. For instance, one of the exercises in the first lesson was to 
decide upon rules about group behavior. These rules can relate to participation (e.g., 
being on time, sharing experiences), privacy (e.g., not telling others about experiences 
discussed in the group) and respect for group members (e.g., treat group members 
respectfully). Every participant wrote these rules in his own workbook. Also, the workbook 
contained the necessary forms for the homework assignments. These were so-called 
‘brain tweet’ forms (daily reports of strengths and difficulties) and planning forms, where 
participants could write down their homework planning. The workbook also included a 
form where participants could list their ‘action plans’. These action plans described which 
behavior they wanted to change and how they planned to do that. For instance, ‘I will take 
breakfast before I go to school’, or ‘I will shut down the computer when I start doing 
homework’. In this way, the workbook built an overview of the participant’s strengths, 
difficulties and action plans throughout the intervention.  
 
Teacher training 
Teachers were primarily responsible for the execution of the intervention. This approach 
was taken because teachers 1) are skilled in teaching and used to work with adolescents, 
2) see the participants regularly in school, which allows them to remind participants about 
intervention assignments in-between intervention meetings, and 3) are easy to approach 
for participants when they have questions. Furthermore, it would enhance the ease and 
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reduce the costs of implementation if this type of intervention could be provided by 
teachers, instead of external professionals. Teachers could sign up for the project when 
they were interested in the role of the brain in learning and/or had affinity with the study 
population. These teachers followed a one day training at the university. The training 
included 1) information about the rationale and scientific background of the educational 
innovation project and the research which was needed to evaluate its effectiveness and 2) 
exercises to become acquainted with the content of the interventions. At the end of the 
training day, teachers received the intervention protocol and additional materials needed 
to prepare for intervention meetings (e.g., Powerpoint presentations). Teachers received a 
protocol for each intervention meeting. This protocol included all background information 
and exercises, and indications of the time they could spend on each part. Furthermore, it 
included an overview of the main points and aims of each lesson. Additional teacher 
support during intervention was available when needed.  
 
Parent meeting 
The intervention additionally included a one-hour parent meeting at school. This meeting 
took place before the start of the intervention. The researchers who developed the 
intervention protocol informed parents about the study rationale, scientific background 
and content of the intervention. Also, they provided tips how parents could support their 
child during and after the intervention. 
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CHAPTER 9 
Implementation of an intervention in 
educational practice: Approach 
 
The long-term aim of our project was to develop an evidence-based intervention that 
could successfully be implemented in educational practice, notably the school setting. 
Successful implementation can only be achieved when the intervention is practical, 
feasible and desirable for both teachers and students (Langberg & Smith, 2006; Owens, 
Murphy, Richerson, Girio, & Himawan, 2008). Langberg and Smith (2006) have stated that 
“to bring evidence-based interventions from research settings to educational practice, 
something has to be changed in how interventions are developed, evaluated and 
disseminated”. They argue that interventions should be developed and evaluated 
stepwise, from the beginning in close collaboration with educational practice. This chapter 
describes such a new, innovative approach to develop and implement an intervention in 
educational practice. 
 
Obtaining evidence for interventions 
There are different approaches to obtain evidence for interventions. Controlled research 
designs (e.g., RCTs) are commonly considered as the best method to obtain information 
about the efficacy of an intervention. Efficacy, or internal validity, reflects whether the 
intervention works under ideal conditions. When there is valid and reliable scientific 
evidence for the efficacy of the intervention in a specific population, interventions receive 
the label ‘evidence-based’. Yet, the success of an intervention is not only dependent on its 
content, but also on the situation, the person who provides the intervention and the 
participants (Forman & Barakat, 2011; Langberg & Smith, 2006; Molina, Smith, & Pelham, 
2005; Owens, et al., 2008). Thus, the success of interventions for educational practice will 
also be determined by the school’s motivational climate, someone’s teaching style, 
teacher-student interactions and student characteristics.  
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Therefore, it is also important to examine an intervention’s effectiveness, or external 
validity. This reflects whether the intervention works in daily practice. Langberg and Smith 
(2006) suggest to balance efficacy and effectiveness research already during early stages 
of intervention development. This can be accomplished by using a controlled design in a 
school context. Such an approach avoids large investments in controlled environments for 
interventions that appear to be unfeasible or undesirable in real life. Also, it yields 
valuable insights into the real life benefits in the very early stage of intervention 
development. During the stepwise process of intervention development, practices will be 
‘evidence-informed’, rather than ‘evidence-based’ (Nevo & Slonim-Nevo, 2011). Empirical 
evidence will be used together with practice knowledge and experience to decide upon 
the best practices for that particular situation. For clarification, this approach is different 
from ‘practice-based’, where definitions of best practices are solely based on systematic 
analyses of experiences from daily practice and not on scientific evidence.  
In sum, to develop a feasible and sustainable intervention for educational practice, we 
need to examine the effects of the intervention in a school setting. Forman and Barakat 
(2011) identified five factors that were crucial for successful implementation of 
intervention in schools. They describe that there needs to be a (1) clear organizational 
structure of roles and responsibilities, (2) clear description of the intervention content, (3) 
good fit of the intervention with the school’s policy, (4) teacher training before the start of 
the intervention and (5) supporting administrator of the intervention. The remainder of 
this chapter describes how these factors were considered during implementation of the 
intervention Brain Lessons. 
 
A school-university partnership 
A close collaboration between scientists and educators is essential for successful 
dissemination of research to the practice of education (Dommett, Devonshire, Plateau, 
Westwell, & Greenfield, 2011; Owens, et al., 2008). Therefore, the first step in our project 
was to establish partnerships with schools who were willing to implement our 
intervention in their organization. School-university partnerships were established with 
four Dutch secondary schools. This was a mutually beneficial arrangement. 
Representatives from the university and the schools signed a contract stating their 
investments within a certain time period. It was clear for the schools that the intervention 
was in the first stage of development, and that there was no evidence yet for its 
effectiveness. Roles and responsibilities of all parties are listed in Table 9.1.  
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Table 9.1 Roles and responsibilities 
Topic University School 
Coordination  Is the primary coordinator and 
responsible for the planning of the 
project 
The board assigns a contact person who 
takes care of the communication with 
the university and is the central 
coordinator of the project within the 
school  
Materials  Develops the intervention protocol 
and delivers all needed intervention 
materials 
Intervention teachers provide feedback 
on the intervention protocol  
Training Provides a teacher training and 
additional support during 
intervention 
Intervention teachers follow a teacher 
training. They need to be committed 
and willing to invest time in the project. 
Participant 
selection 
Defines cut-off scores and provides a 
list of eligible participants 
First year tutors complete behavioral 
checklists about the students which are 
used to select participants  
Implementation  Observes and makes field notes about 
the intervention 
Intervention teachers provide both the 
interventions 
Evaluation  Takes care of the scientific evaluation 
of the interventions 
The planning office facilitates data 
collection in school 
Information 
transfer  
Provides information sessions for 
teachers and parents, at the start and 
the end of the project 
The planning office facilitates teacher 
and parent meetings 
Reporting results Reports the results and implications 
of the research within one year after 
the project 
Teachers and policy makers provide 
feedback to the researchers. They discuss 
the implications for their school and 
whether they want to continue the 
project. 
 
Stages of intervention development 
The development and implementation of the intervention occurred in several stages.  
 
STAGE 1 
Initially, the intervention materials were developed by the researchers to ensure the 
scientific validity of the program. A detailed protocol was developed, describing the 
content of six different lessons, each with a different theme. We collaborated with a 
secondary school in the south-east of the Netherlands. In an early stage, feedback on the 
intervention protocol and materials was obtained from the teacher who was involved in 
the first trial of the program. Feedback related to three different aspects: 1) clarity and 
attractiveness of the materials for the student population, 2) clarity of the teacher 
protocol and sufficiency of the background information, and 3) feasibility to carry out the 
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protocol within the limited time available. The feedback provided resulted in adjustments 
of the protocol.  
The first trial of the intervention was conducted in the spring of 2008, in a relatively 
small group. Twenty boys in grade 7 (high educational tracks) signed up for participation. 
The intervention was guided by a teacher and the researcher who had been principally 
involved in the development of the protocol. The teacher was primary responsible for the 
execution of the intervention. The researcher was present to observe the process and take 
notes for further improvements of the program. Before the start of the project, the 
teacher was familiarized with the intervention protocol and its scientific background.  
Satisfaction is a decisive factor for intervention success and determines whether 
efforts on intervention development should be continued (Langberg & Smith, 2006; 
Molina, et al., 2005). Therefore, satisfaction was the main outcome measure for this first 
experimental study which had a waiting-list control group design. Evaluation with 
questionnaires afterwards showed high participant satisfaction. A majority of the 
participants (72%) indicated that their homework performance improved after 
intervention, compared to 28% who did not experience any difference. Almost all 
participants (93%) indicated that they wanted to continue the use of the tips and 
strategies provided. In a pre-posttest design, no significant improvements were found in 
cognitive task performance. The intervention teacher and school principal found the first 
experiences with the intervention encouraging. Therefore, we decided to continue the 
development of the intervention and evaluate it in a larger sample. 
 
STAGE 2 
The second stage of development started with fine-tuning of the intervention protocol. 
The number of meetings was increased from six to eight, to ensure that there was 
sufficient time to transfer the information and to interact with the participants. 
Furthermore, more practical assignments were included in the lessons, and a specific goal-
management assignment was included in the homework. Parent meetings before and 
after intervention were added. The content of the intervention program is described in 
Chapter 8. With respect to the research design, a follow-up evaluation was included to 
test for longer-term effects. Furthermore, it was decided to compare the novel 
intervention against the conventional type of support. This offers the opportunity to 
evaluate the possible surplus value of the novel intervention over the conventional 
approach. These insights can be used to determine whether or not it is worthwhile to 
invest in a new approach. The protocol for the conventional support was developed in 
collaboration with teachers, to make sure that the content was similar to real-life 
practices. To allow for a valid comparison with the novel intervention, the number and 
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duration of the meetings, guidance (teachers involved) and group size was made similar to 
the novel intervention.  
In the second phase of the research, we collaborated with three Dutch secondary 
schools located in small towns surrounding Amsterdam. These schools recruited teachers 
who took responsibility for the implementation of the intervention in the school’s 
organization. Twelve teachers signed up for the project. They were interested in the role 
of the brain in learning and/or had affinity with the study population. These twelve 
teachers were trained and familiarized with the intervention materials by the researchers 
who developed the interventions. They followed a one day training at the university. This 
teacher training included 1) information about the rationale and scientific background of 
the research project and 2) exercises to become acquainted with the content of the 
interventions. It was emphasized that it was essential for the research that teachers 
adhered to the protocol. Although they were free to teach the content in their own style, 
they were obliged to teach the main points of each lesson. At the end of the training day, 
teachers received all necessary materials to prepare for intervention meetings. Additional 
teacher support during intervention was available when needed. Previously, it has been 
shown that similar train-the-teacher approaches were successful (e.g., Diamond & Lee, 
2011).  
Teachers were also involved in the selection of participants. Students at risk for 
underachievement will usually be identified by their teachers based upon their behavior, 
their comments and performance on school assignments, rather than by extensive 
(neuro)psychological examinations. To control participant selection as much as possible, a 
short teacher checklist was developed in order to help the teacher to assess the behavior 
and cognitive function which was intended to lie at the core of our intervention. This 
checklist targeted the main characteristic behaviors of immature executive abilities (see 
Appendix). Teachers completed the checklist for all boys in their class. A cut-off score 
defined by the researchers determined which students needed additional support and 
were eligible for participation. The checklist was completed when the boys were at the 
end of 7th grade. The intervention started when the boys just entered 8th grade, from 
September till November 2010. The 46 participants were randomly allocated to one of the 
two interventions. Each school provided one novel intervention group and one 
conventional intervention group. Evaluation measures included cognitive tests and 
multiple informant behavior questionnaires.  
 
STAGE 3 
After completion of stage 2, the process and intervention was evaluated with contact 
persons and teachers who implemented the intervention. Teachers were asked for 
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feedback on the intervention materials. This resulted in minor changes to the intervention 
protocol. For instance, the order of the lessons was changed. The theme ‘Planning’ was 
discussed in meeting 4-5 instead of 6-7 to give participants more time to practice their 
planning skills. Further, the homework assignments were defined more clearly. With 
respect to the research design, we adopted the teachers’ suggestion to select participants 
more strictly on their motivation to change their behavior. Unmotivated students caused 
too much disturbance in the group, leading to negative peer modeling. Consequently, 
teachers were more involved with providing a good group atmosphere, than to addressing 
the required main points of the meetings. Furthermore, the evaluation was extended with 
short participant interviews, to obtain more insight into the intervention effects and their 
experiences.  
The third intervention period took place from February till April 2011 and included 
boys who were in grade 7. Participant selection took place in October 2010. The 
procedure was the same as in stage 2, but additionally included a short conversation with 
one of the intervention teachers to assess motivation to change their behavior. This 
resulted in a selection of 34 participants, randomly allocated to one of the intervention 
groups. Again, each school supported one novel intervention group and one conventional 
intervention group. Next to the cognitive tests and questionnaires, short interviews with 
participants were conducted after the intervention was completed. 
 
Conclusion 
This chapter describes how an intervention for educational practice can be developed. In a 
stepwise approach, the intervention protocol and design was fine-tuned. We collaborated 
with four schools and ensured a fit with the schools’ policies, a clear organizational 
structure, an intervention protocol and a teacher training. This chapter illustrates how 
elements from both efficacy and effectiveness research can be considered simultaneously. 
The study had a controlled design, with participants randomly allocated to one of the two 
interventions. These two interventions were equal in duration, frequency, place, time, 
guidance and group size. Both interventions were highly protocollized. Other aspects of 
the research were less controlled, and occurred in a more pragmatic way. For instance, 
teachers were responsible for the implementation of the intervention in their school’s 
organization, leading to differences between schools in teaching styles and teacher-
student relationships. The results of the research in stage 2 and 3 are described in Chapter 
10 and Chapter 11. 
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APPENDIX Amsterdam Teacher checklist for Executive Functions 
 
PART 1 (Rating: not true, partly true or very true) 
This student… 
1. Is able to keep attention for a longer period of time (e.g., during instruction) (I)* 
2. Does not seem to listen (I) 
3. Is easily upset (E) 
4. Is good in planning and organizing (I)* 
5. Reacts too quickly, is impulsive (I) 
6. Has difficulties dealing with multiple assignments at the same time (I) 
7. Lies to get something from others (E) 
8. Looses things (e.g., lunchbox, money, letters from school, homework) (I) 
9. Is easily distracted by external stimuli (e.g., classmates, noise, mess) (I) 
10. Is able to maintain friendships (E)* 
11. Is aware of this behavior and understands that some behaviors can disturb others (I)* 
12. ’s schoolwork is sloppy (I) 
13. Has difficulties sitting still (I) 
14. Is forgetful (I) 
15. Is disrespectful against classmates (E) 
(I) = inclusion item, (E) = exclusion item. Reversed items are marked with *. 
 
PART 2 (Rating: yes/no) 
A. The student is motivated to change his study behavior 
B. As a teacher, I think that this student can perform better than he achieves now 
C. As a teacher, I think that the home situation of this student will discourage participation in an intervention 
 
 
Scoring method 
Sumscores can be calculated for the inclusion items of part 1. Scores per item ranged from (1) not true, (2) partly 
true and (3) very true. Thus, higher scores are indicative of more problems. 
 
Selection 
1. Only students who were rated positively on question A (part 2) were selected. 
2. For these students, sumscores were calculated for the inclusion items of part 1. A cut-off score was used for 
the 20% of the sample with the highest sumscores. 
3. Students who belonged to this top 20% were checked on scores on exclusion items. Students were only 
selected if they scored less than (3) on each of the exclusion items.  
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CHAPTER 10 
Brain Lessons in educational practice:  
Cognitive outcomes 
 
INTRODUCTION 
Delays in the development and maturation of executive abilities may hinder young 
adolescent boys to successfully engage in adaptive behaviors and academic performance. 
These boys often struggle with homework and perform worse than would be expected 
based on their ability level and putative talents. Neuropsychological interventions that 
focus on enhancing the self-regulation skills of young adolescent boys may offer a valuable 
solution for this problem (see Chapter 7). Previously, similar neuropsychological 
interventions in other populations have resulted in improvements in subjective well-being 
(Hoogenhout, de Groot, van der Elst, & Jolles, 2012; Valentijn et al., 2005; Van Hooren et 
al., 2007), coping with executive difficulties (Van Hooren, et al., 2007), metacognition 
(Hoogenhout, et al., 2012) and clinical ratings of cognition (In de Braek, Dijkstra, Ponds, & 
Jolles, 2012). Possibly, improvements in self-regulation skills also result in better 
performance on objective cognitive tasks. This is because successful task completion also 
depends upon the ability to inhibit distracting stimuli and to engage in goal-directed 
behavior. Yet, improvements in objective cognitive performance after involvement in a 
short-term neuropsychological intervention were only in some cases found (Valentijn, et 
al., 2005).  
The present study investigated whether the recently developed neuropsychological 
intervention called Brain Lessons (see Chapter 8) resulted in changes in adolescents’ 
cognitive performance. Brain Lessons was scientifically evaluated against a homework 
support control intervention. Homework support is the traditional intervention for 
students who struggle with homework. It involves that students do their homework under 
teachers’ supervision in a quiet, structured environment. The sample included boys who 
had relatively poor executive abilities for their age, recruited from grade 7 or 8 of the two 
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highest educational tracks. The sample was homogenous with respect to age, sex, 
ethnicity, educational track and problem behavior. The research design was controlled by 
random intervention allocation and protocollized intervention meetings. The present 
study will reveal whether the neuropsychological intervention has added value over the 
homework support intervention with respect to students’ cognitive performance.  
 
METHOD 
Participants 
The sample included 80 boys (Dutch nationality) in grade 7 (N = 34) or grade 8 (N = 46) of 
three secondary schools in the Netherlands. In grade 7, participants ranged in age from 
12.2 to 13.8 years; in grade 8, the age-range was 12.8 to 14.6 years. All participants 
started secondary school in one of the two highest educational tracks of the Dutch 
educational system. Selection of participants was based on teacher ratings of executive 
functioning during participants’ first year in secondary school. Teachers completed a short 
teacher checklist (Amsterdam Teacher checklist for Executive Function (ATEF); see 
Appendix Chapter 9). This checklist targeted the main characteristic behaviors of 
immature executive abilities. The selection method can also be found in the Appendix of 
Chapter 9. Within their school, all participants belonged to the 20% boys with the poorest 
executive abilities of their grade. Boys were not eligible for participation if teacher reports 
additionally indicated (1) a diagnosis of a developmental, socio-emotional or behavioral 
disorder, (2) anti-social behavior in the classroom, (3) lack of motivation to change 
learning behavior, (4) a discouraging/non-supportive home situation. Participants were 
randomly assigned to one of the two interventions. Before the start of the intervention, 
participants in Brain Lessons (N = 43) and homework support (N = 37) were comparable in 
age, level of parental education (LPE) and self-, parent and teacher reports of attention 
problems (see Table 10.1).  
 
Table 10.1 Participant characteristics 
Characteristic Brain Lessons 
group 
Homework 
support group 
Test statistic 
Age (M (SD)) 13.4 (.48)  13.3 (.60) t(78) = 0.29, p = .770 
Age range 12.4 - 14.4 12.2 - 14.6  
Level of Parental Education   χ2(2, N = 80) = 4.25, p = .119 
Low 7% 11%  
Medium 47% 24%  
High 47% 65%  
Attention problems (AEFI)    
Self-report  3.21 (.91) 3.44 (.68) t(75) = -1.27, p = .210 
Parent-report  3.23 (.83) 3.41 (.71) t(78) = -1.04, p = .301 
Teacher-report  3.70 (.72) 3.82 (.67) t(59) = -0.69, p = .491 
Note: Abbreviations: AEFI = Amsterdam Executive Function Index. 
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Procedure 
The study was approved by the Ethical Committee of VU University Amsterdam and 
conducted in collaboration with three Dutch secondary schools. There were two research 
periods. During each period, both interventions (neuropsychological and control) were 
implemented and evaluated. The first intervention period was from September till 
November and included boys who just entered 8th grade. The second intervention period 
was from February till April and included boys who were in grade 7. Boys who were 
eligible for participation and their parents received information letters about the study. If 
they chose to participate and their parent(s) concurred, both signed informed consent. 
Additionally, parents were asked to return a questionnaire on background characteristics. 
Response rate was 70%, indicating that there was considerable interest to participate in 
additional support lessons. Participants were randomly assigned to one of the two 
interventions. Treatment allocation was stratified for school and class. Participants were 
notified about group assignment and starting date by letters sent to their homes. 
Intervention assignment was clear to intervention teachers, participants, their parents and 
researchers.  
In both research periods, each school supported one Brain Lessons group and one 
homework support group. Interventions were implemented by trained teachers. The 
interventions were similar in frequency, duration and time schedule. Both consisted of 9 
meetings of 50 minutes. All meetings were at school and were scheduled twice a week 
after regular school hours. Groups consisted of maximally 8 boys, guided by one or two of 
the trained teachers. Per school, the same teachers were involved in both interventions. 
To minimize differences between schools, both interventions were standardized by highly 
structured protocols which described the content and structure of each meeting. 
Furthermore, additional Powerpoint presentations for the psychoeducation were 
provided. Main points were defined for each meeting, which had to be addressed during 
that meeting. 
 
Interventions  
Brain Lessons 
Brain Lessons is a neuropsychological intervention targeting self-regulation skills in young 
adolescent boys. See Chapter 8 for a detailed description of the intervention. 
 
Homework support 
Homework support is the traditional intervention for these types of problems in the Dutch 
education system. Participants do their homework in a quiet and structured school 
setting, under teachers’ supervision. They could ask the teachers for help when they had 
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questions about assignments. At the end of the meeting, teachers checked whether the 
participant did the assignments according to his planning. The protocol for the 
conventional support was developed in collaboration with teachers, to make sure that the 
content was similar to real-life practices. To allow for a valid comparison with Brain 
Lessons, the homework support was similar in number and duration of the meetings, 
guidance (teachers involved) and group size. This intervention does not include parents 
meetings.  
 
Evaluation 
Cognitive performance was assessed before, directly after and three months after 
intervention. Each assessment included group administration of paper and pencil 
neuropsychological tests (participants only) and the completion of an online cognition 
questionnaire (by participants, parents and the student’s tutor (who was not involved in 
the intervention)). For the neuropsychological tests, a double baseline was included to 
minimize practice effects. The second measurement followed one week after the first 
measurement. It took participants 30 minutes to complete both the questionnaire and the 
neuropsychological tests. All assessments for participants took place at school, during 
school hours. Parents and tutors needed on average 10 minutes to complete the online 
cognition questionnaire.  
 
Evaluation measures 
Background characteristics 
Before intervention, parents reported age, nationality and the highest level of education 
of both parents (on a 8-point rating scale ranging from primary school to university degree 
(De Bie, 1987). Furthermore, parents indicated whether the child was diagnosed with a 
developmental, socio-emotional or behavioral disorder, and whether the child used 
medication known to affect the central nervous system.  
 
Letter Digit Substitution Test 
The Letter Digit Substitution Test (LDST) is a measure of general information processing 
speed (Jolles, Houx, Van Boxtel, & Ponds, 1995; Van der Elst, Dekker, Hurks, & Jolles, 2012; 
Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2006). Within a time limit of 90 seconds, 
participants are required to match as many letters and digits according to an association 
key presented at the top of the test sheet. The number of correct substitutions was the 
dependent variable.  
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d2 Test of Attention 
The d2 Test of Attention (Brickenkamp & Zillmer, 1998) is a commonly used paper-and-
pencil task to measure selective attention. It consists of 14 lines with each 47 items. Items 
include the letter ‘d’ or ‘p’ with one to four dashes. Participants are required to mark as 
quickly and accurately as possible every ‘d’ with two dashes (the target letter). There is a 
time limit of 20 seconds per line, indicated by the test instructor. The dependent variable 
was the number of correctly marked items of line 3-13. Line 1-2 and 14 were left out of 
analyses to ensure that all participants started and ended at the same time. Higher scores 
indicate a better performance. 
 
Memory Scanning Task 
The Paper & Pencil Memory Scanning Task (MST) measures information processing in 
working memory (Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2007). The MST 
requires participants to remember one to four target letters that are depicted on a test 
sheet. This sheet is then replaced by another test sheet where several lines with letters 
are presented. Participants are required to cross out as many target letters within 20 
seconds. There are four conditions (remembering one to four letters), that differ in level of 
difficulty. For each of the four conditions, number of correctly marked items was the 
dependent variable. 
 
Amsterdam Executive Functions Inventory 
The Amsterdam Executive Functions Inventory (AEFI) is a newly developed questionnaire 
to assess executive abilities in an adolescent sample (Van der Elst et al., 2011). The 
questionnaire consists of 13 items that were scored on a scale from 1 (not at all true) to 5 
(very true). Three subscales were differentiated, 1) attention, 2) self-control and self-
monitoring and 3) planning, that all showed adequate internal consistency and reliability 
(Van der Elst, et al., 2011). The inventory was completed by adolescents, parents and 
teachers. Mean scores on the three subscales were used as dependent variables, and 
higher scores indicate better executive abilities.  
 
Data analyses 
The data was analyzed using SPSS Statistical Package 19.0. A mixed ANOVA was performed 
to examine the effects of time and intervention group (independent variables) on all 
measures of cognitive functioning. Level of significance was α = 0.05. 
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RESULTS 
Sample characteristics 
Figure 10.1 presents the flowchart of participants. Drop-out rate (11%) was the same in 
both interventions (χ2(1, N = 80) = .353, p = .552). An attrition analysis was performed 
comparing boys who dropped out with boys who completed the intervention. Comparison 
took place on all the variables that were measured before intervention. Only one of the 31 
t-tests was significant, which is equivalent to 0.03%. Therefore, we may conclude that 
boys who dropped out and boys who completed the intervention were comparable on 
cognitive functioning before intervention. According to the intention to treat principle, 
boys who dropped out were included in all follow-up assessments.  
 
Cognitive performance 
Interaction effect time*group 
A trend for a time*group interaction effect was found for LDST performance (F(2, 140) = 
2.99, p = .053, partial η2 = .041). Both groups showed improved performance at the direct 
posttest compared to the pretest (Brain Lessons: t (38) = -2.91, p = .006; homework 
support: t (33) = -2.518, p = .017). Three months later, at the follow-up assessment, 
performance was still the same for participants in the neuropsychological intervention (t 
(39) = .336, p = .739), but had declined in the control group (t (33) = 3.21, p = .003). For all 
other measures, there were no significant interaction effects. This indicates that 
performance on the cognitive tests either did not change, or improved equally over time 
for both intervention groups. 
 
Main effects of time 
There was a significant main effect of time for measures of objective cognitive functioning, 
as indicated by improved performance over time on the d2 (F(1.67, 112.2) = 36.0, p < .001, 
partial η2 = .349), LDST (F(2, 140) = 7.22, p = .001, partial η2 = .094) and MST 1 and 2 letter 
condition (F(2, 136) = 4.57, p = .012, partial η2 = .063; F(2, 140) = 18.2, p < .001, partial η2 = 
.206). Furthermore, main effects of time were found on teacher reports of attention (AEFI-
A), F(1.67, 80) = 4.48, p = .020, partial η2 = .101, indicating an improvement in attention 
over time. For none of the other measures, a main effect of time was found. 
 
Main effects of group 
For none of the dependent variables there was a main effect of group. Thus, there were 
no main differences between participants in the two interventions. 
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Figure 10.1 Flowchart participants and study design 
Week 2-6 
Week 0-1 Dual baseline (T0, T1) 
Parent meeting 
Intervention 
‘Brain Lessons’ 
Intervention 
‘Homework support’ 
Follow-up test (T3) 
Posttest (T2) 
N = 5 drop-out N = 4 drop-out 
N = 80 randomized 
N = 613  
teacher reports 
N = 115 approached for 
participation 
N = 498 not meeting 
intervention criteria 
N = 35 refused  
to participate 
Allocation to control 
group (N = 34) 
Allocation to experimental 
group (N = 46) 
Week 1 
Week 7 
Week 19 
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DISCUSSION 
This study examined the effects on cognitive performance of two different interventions 
for boys who had relatively poor executive abilities for their age. In a controlled design, 
the neuropsychological intervention Brain Lessons was evaluated against a control 
intervention (homework support). Improvement over time was found on cognitive 
performance tests and teacher ratings of attention, yet to the same extent for both 
interventions. This indicates that Brain Lessons had the same effect on cognitive test 
performance or ratings of cognition as providing a structured homework environment. 
Thus, Brain Lessons was not more successful in enhancing cognitive performance than the 
conventional type of support. 
This research showed that there was no effect of the neuropsychological intervention 
on cognitive performance tests. Effects on cognitive performance tests were neither found 
in similar research (Hoogenhout, et al., 2012; In de Braek, et al., 2012; Van Hooren, et al., 
2007). This may indicate that involvement in a short-term neuropsychological intervention 
is not sufficient to change cognitive performance. Yet, the lack of effects may also be 
related to a lack of sensitive evaluation measures (Evans, Langberg, Raggi, Allen, & 
Buvinger, 2005; Owens, Murphy, Richerson, Girio, & Himawan, 2008). The cognitive tests 
used in this study provide important information about the efficiency of cognitive 
processes, like attention and memory. Yet, due to the well-structured task setting in which 
cognitive assessment takes place, the involvement of executive functions was relatively 
low (Gioia & Isquith, 2004). Although performance will be influenced by executive abilities, 
this was not the primary outcome measure of these tests. Recent reviews showed that 
intervention effects could only be detected when the outcome measures included tests 
similar to the functions that were specifically trained in the intervention (Diamond & Lee, 
2011; Reijnders, van Heugten, & van Boxtel). Neuropsychological interventions do not 
involve specific cognitive function training, but rather target metacognition, strategies and 
coping with cognitive difficulties. Yet, this is difficult to objectify with the cognitive tasks 
that are currently available. Probably, more complex procedures are needed to assess 
real-life executive performance.  
Furthermore, there are concerns about the reliability of parent and teacher ratings. 
These ratings were found to fluctuate during the academic year, irrespective of 
intervention (Evans, et al., 2005). In our study, parent and teacher perceptions may have 
changed during intervention. Parents and teachers may have noticed a positive change in 
homework completion for participants in the homework support group. Consequently, 
they may have overestimated these boys’ cognitive functioning after intervention. This 
may have influenced the discriminative value of the parent and teacher ratings. 
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Furthermore, parent and teacher ratings may have been influenced by their awareness of 
the intervention allocation.  
Additionally, intervention effects are often difficult to detect due to small effect sizes 
in this type of research (Evans, et al., 2005; Owens, et al., 2008). There are several 
explanations for small effect sizes in this particular study. First, the symptom severity of 
the participants at pretest was lower than in clinical samples. Therefore, the improvement 
a participant can make is smaller compared to clinical samples (Diamond & Lee, 2011). 
Second, the interventions were provided by teachers instead of the researchers 
themselves. In previous research, this has been related to lower effect sizes (Dignath & 
Büttner, 2008). Therefore, with our relatively small sample size, we may not have reached 
sufficient power to detect differences (Cohen, 1988). 
In conclusion, this study did not objectify improvements in processing speed, attention 
and memory after involvement in Brain Lessons. The neuropsychological intervention 
yielded similar cognitive results as the homework support intervention. It remains 
inconclusive whether this is related to the quality of the intervention or the type of 
outcome measures. 
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CHAPTER 11 
Brain Lessons in educational practice:  
Qualitative evaluation 
 
INTRODUCTION 
The neuropsychological intervention Brain Lessons aims to improve understanding, 
control skills and coping behavior of young male adolescents. Specifically, it focuses on 1) 
increasing knowledge and understanding of learning and behavior, 2) improving self-
regulation skills and 3) enhancing metacognitive awareness. The results presented in 
Chapter 10 showed that this intervention did not have specific effects on participants’ 
cognitive performance. Yet, intervention effects can also be expected on beliefs, 
understanding, classroom- and study behavior. For instance, participants might have 
experienced that making a planning can help them to complete homework more 
efficiently. Consequently, they may have adapted their beliefs about the worth of a 
planning. Increased understanding of external influences on learning might have resulted 
in changes in their lifestyle (e.g., a more regular sleeping pattern) or study environment 
(e.g., all distractions removed from their desk). Or, they may be more aware of the need 
to implement coping strategies to inhibit impulsive behaviors. These effects cannot be 
detected with cognitive tests or questionnaires. Interviews, already commonly used in 
health care practices, are more appropriate measures to obtain information about the 
adolescent’s cognitive and psychological approach to school-related activities (D'Amato, 
Fletcher-Janzen, & Reynolds, 2005). Thus, inclusion of interviews in the evaluation of the 
intervention Brain Lessons will lead to a more thorough understanding of the effects of 
this intervention.  
This study examined the subjective experiences of participants in Brain Lessons and 
participants in the homework support intervention. A subset of the sample described in 
Chapter 10 participated in semi-structured interviews. This allows for an in-depth 
examination of experiences and real-life behavioral changes that resulted from the 
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interventions. The hypotheses were that participants in the neuropsychological 
intervention 1) reported increased knowledge about the brain, general learning principles 
and study skills, 2) reported more changes in behavior and adaptations in their homework 
environment, and 3) were more aware of their strengths and weaknesses than 
participants in the homework support intervention.  
 
METHOD 
Participants 
The sample included a subset of the sample described in Chapter 10. The subset 
comprised boys in grade 7, who participated in the intervention period from February till 
April 2011. Interviews were conducted with 17 participants of Brain Lessons and 15 
participants of homework support.  
 
Procedure 
The study design, procedure and intervention descriptions can be found in Chapter 10. 
The semi-structured interviews were conducted in the first week after intervention 
completion. This revealed important additional information about their experiences 
during and around the intervention. The interviews were conducted by research assistants 
who were experienced in the interaction with school children. Interviews were scheduled 
during school hours and took about 10 minutes to complete. All interviews were audio-
taped and transcribed afterwards. Furthermore, participants, parents and intervention 
teachers completed an online evaluation questionnaire one week after the intervention, 
which took 10 minutes.  
 
Measures 
Semi-structured interview 
The semi-structured interview consisted of five broad open-ended questions. Interviewers 
were instructed to ask for clarification if the answers were too vague or too short. For 
each question, guidelines were constructed about when and how to ask for clarification 
(see Appendix I for questions and prompts). Questions were related to the participants’ 
motivation to be involved in the project, parent involvement during the intervention, 
behavioral change after intervention, evaluation of the intervention content, group and 
teacher, and satisfaction about the effectiveness of the intervention.  
 
Evaluation questionnaire 
Participants and their parents completed a questionnaire to evaluate the intervention 
program. They were asked whether they would recommend the program to others. 
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Formulated in this way, the question indirectly targets satisfaction about the program. 
Therefore, we expect that it is less vulnerable to a social desirability bias. Furthermore, 
satisfaction was rated on a scale from 1 (very dissatisfied) to 5 (very satisfied). 
Furthermore, parents were asked to rate whether they saw improvements on planning, 
study behavior and well-being on a 3-point scale (not true/partly true/very true). The 
teachers who guided the intervention also completed a questionnaire in which they 
evaluated the program. They rated the intervention on a scale from 0-10. Furthermore, 
they were asked to indicate whether they wanted to continue with the intervention 
materials. 
 
Knowledge questionnaire 
 Participants answered 5 questions related to the brain and how it is involved in learning. 
E.g., ‘It is more difficult to concentrate when you are hungry’. The answer options were 
‘true’, ‘not true’ or ‘I don’t know’. Total number of correct answers was the dependent 
variable.  
 
Heatherton State Self-Esteem 
The Heatherton State Self-Esteem (HSSE) questionnaire comprises 20 items divided over 3 
subscales: Performance self-esteem, Social self-esteem and Appearance self-esteem. 
Items are scored on a 5-point Likert scale, ranging from not at all (1) to extremely (5). The 
HSSE has shown a high degree of construct validity (Heatherton & Polivy, 1991). Higher 
scores indicate higher self-esteem.  
 
Data analyses 
Interviews were entered into the QSR NVivo 9 qualitative data software package. Analysis 
occurred in line with the ‘spiral of analysis’ method described by Boeije (2005). In the first 
phases, the data was segmented into fragments and labeled (open and axial coding). 
Codes were agreed upon by two researchers, of which one was blind for intervention 
group. In case of disagreement between the two raters, a third rater who was blind for 
group allocation decided. The list of thematic codes was refined through iterative reviews 
of study transcripts. Finally, themes were identified and the data was reassembled to 
define the key concepts and more overarching themes (selective coding). For this study, 
we focused on 1) sample characteristics, 2) experiences with the intervention and 3) 
intervention outcomes. Quotes were translated from Dutch to English when they were 
included in this paper. The original Dutch quotes can be found in Appendix II. Quantitative 
outcomes related to the evaluation of the program (e.g., knowledge, satisfaction rates, 
self-esteem) were examined using SPSS Statistical Package 19.0. Dependent on the level of 
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measurement, independent t-tests or chi-square tests were used to analyze the data. 
Level of significance was α = 0.05. 
 
RESULTS 
Sample characteristics 
The study sample comprised boys with relatively poor executive abilities. Many boys in 
this sample had difficulties to verbalize their thoughts and to express themselves clearly. 
One of them described his difficulties and reason to participate in an intervention in the 
following way:  
 
(1) “Well eh… yeah... I... don’t know actually… yeah... I eh… yeah I am not 
so good in homework. And... I do it … at the last moment because I... 
go… play football for instance… that is what I like to do. But that is 
logical I think, only … I don’t think ‘Oh, I have some homework to do’, so 
I play football until late. And then, when I come home I am exhausted 
and yeah… I don’t feel like completing my homework. And then eh… I 
don’t do it and when I have a test I don’t perform well. Therefore I had 
to go to homework support to … learn to plan my homework so that I 
will be more successful in completing it…. so that I can stay at the Mavo 
[= type of educational track], I think.” (#3556916; boy in homework 
support; school A)  
 
As illustrated by this example, these boys often lack interest in school. It was cited by 
many boys that they had to be persuaded by parents or teachers to engage in an 
intervention program (to enhance readability, some quotes were slightly adapted): 
 
(2) “At first I didn’t want to go, because it was after school. But then my 
parents told me that I had to go. And then I thought: ‘Ok, maybe my 
grades will improve’. So then I thought it was a good idea.” (#3557664; 
boy in homework support; school A)  
 
In general, the participants had two main aims: 1) to gain higher grades (either for 
personal goals or to avoid parent/teacher complaints) (N = 18) and 2) to learn how they 
could change their behavior to complete their homework better and quicker (N = 16).  
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(3) “I want to obtain higher grades, but not if I have to work very hard for 
it. That’s not what I want.” (#3549634; boy in homework support; 
school A)  
 
Evaluation of the interventions 
Satisfaction 
On quantitative measures, there were no between-group differences in satisfaction 
(participants: t(75) = -0.74, p = .465; parents: t(62) = 1.76, p = .083) or recommendation 
rates (participants: χ2(1, N = 77) = .024, p = .878; parents: χ2(1, N = 64) = 0.35, p = .352). 
Thus, for both participants and parents, there was no difference in satisfaction rates 
between interventions. On average, 79% of the participants and 70% of the parents 
recommended the intervention they were involved in. The average rating of intervention 
teachers about the neuropsychological intervention (on a scale from 0-10) was 7.13 (SD = 
0.64). All but one of them indicated that they wanted to continue with the intervention 
materials.  
After the initial quantitative analysis, a qualitative analysis was conducted to examine 
the underlying reasons for satisfaction about the intervention. The interviews confirmed 
that the large majority of participants was satisfied about the intervention they were 
involved in. Importantly, our qualitative analysis revealed that there were clear 
differences between participants with regard to the grounds of satisfaction about the 
intervention. For the neuropsychological intervention, satisfaction was attributed to 
success experiences with the tips. As one boy describes,  
 
(4) Interviewer: “Do you think that the intervention was useful?” 
Participant: “Yes, because of all the small tips. It were all simple things, 
but it helped me to perform better” (#3313453; boy in Brain Lessons; 
school B)  
 
In contrast, boys in the treatment-as-usual ascribed positive experiences with the 
program to the fact that their homework was completed when they came home:  
 
(5) Interviewer: “Do you think that the intervention was useful?” 
Participant: “Yes, I think to some extent, because my homework was 
completed after every lesson” (#3312716; boy in homework support; 
school B) 
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Dissatisfaction about the intervention generally occurred when participants failed to 
reach their goals. Participants in the treatment-as-usual who were dissatisfied said that 
they wanted to learn something new, and complained  
 
(6) “I expected to learn something new. The intervention taught me nothing new. So I 
was a bit disappointed.” (#3320735; boy in homework support; school B)  
 
In contrast, dissatisfied participants in the neuropsychological intervention mentioned 
either that 1) they did not want to do extra work but rather wanted to complete their 
homework, 2) they did not have success experiences with the tips:  
 
(7) “I expected that it would work, but nothing happened”  
(#3550789; boy in Brain Lessons; school A)  
 
or 3) their grades had not improved yet. Participants from both interventions 
suggested that the programs could be improved when there would be more time 
available. Furthermore, participants suggested to fit the interventions into the regular 
schedule instead of after school. 
 
Experiences of participants 
 In both interventions, positive group dynamics were reported:  
 
(8) Interviewer: “What do you think about the group?” 
Participant: “Fun, the other children were nice.” 
Interviewer: “How did you feel about sharing your experiences with the other 
children?” 
Participant: “It was fine, because we agreed not to tell others about what we 
discussed. So I could say everything I wanted.” (#3329249; boy in Brain Lessons; 
school B)  
 
and they evaluated the teachers positively. In the neuropsychological intervention, 
some participants (N = 3) additionally mentioned that they learned from the other group 
members or could identify themselves with group members, like one boy stated:  
 
(9) “I noticed with the other children, I don’t know how it was called again, 
that they talked first and then realized what they said. We all did that.” 
 (#2270653; boy in Brain Lessons; school C) 
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In contrast, none of the participants in the treatment-as-usual reported that they could 
exchange ideas with group members. Parents were more often involved in the 
neuropsychological intervention than in the treatment-as-usual. Parent involvement often 
included support with homework assignments related to the intervention. 
In both groups, participants were able to recall some tips to improve planning skills. In 
the neuropsychological intervention, participants additionally described one or more 
action plans they made to change this behavior (N = 7). Thus, participants who were in the 
neuropsychological intervention group generally made more extensive comments on their 
experiences with the intervention than participants in treatment-as-usual. Furthermore, 
they mentioned the goal management strategy as a means to improve learning behavior. 
Most of them (N = 11) valued it:  
 
(10) “We made a stop-sign. I had put it in my locker, so I could not forget my 
books. On Fridays, I often forgot my books for the next Monday. And 
then I could not prepare for a test. The stop-sign helped me to 
remember.”  
(#2270653; boy in Brain Lessons; school C) 
 
whereas others (N = 2) did not find it useful: 
 
(11) Interviewer: “Do you use it, sometimes?” 
Participant: “No.”  
Interviewer: “Can you explain why not?”  
Participant: “Well, I don’t think about it when I’m in the middle of something” 
(#2271170; boy in Brain Lessons; school C) 
 
Comments of boys in the neuropsychological intervention group generally focused on 
what they had learned from the intervention. Boys in the treatment-as-usual rather 
described positive experiences with the quiet and structured study environment. They 
valued having a place where they could do their homework without getting distracted. As 
one of them explained:  
 
(12) Participant: “I would rather be home, but it was a better study 
environment than home.” 
Interviewer: “Why do you think it was better?”  
Participant: “Well, because I didn’t get distracted easily.”  
(#2276065; boy in homework support; school C) 
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Intervention outcomes  
Interview data 
The interviews revealed that there were between-group differences in intervention 
outcomes. For the neuropsychological intervention, three main themes emerged. The first 
related to knowledge: almost all participants reported that they learned from this 
intervention. Secondly, participants described changes they made in their study behavior 
or environment. They often reported that they had changed something in their study 
space at home and/or reported improved self-regulation skills (e.g., improvements in 
planning, using the strategy). Thirdly, they showed more insight into their behavior and 
the need to study. Also, they showed more feelings of control over their behavior, as they 
learned how they could influence their behavior. As one commented  
 
(13) “Yes, the impulsivity in particular, I had a lot of difficulties with that. 
Now I am more aware of that. Yes, it happens now and then, but less 
often than before the intervention. And my homework is completed 
before the deadline. I use the stop-state-split-check system to 
accomplish this.”  
(#3541978; boy in Brain Lessons; school C) 
 
In contrast, the main outcome for participants in the treatment-as-usual was that their 
homework was completed, when they came home after the intervention. As one of them 
explained:  
 
(14) “Well, I didn’t learn something new. Planning is something I learned in 
primary school, but I don’t need it. I just used the hours to complete my 
homework. At home, I’m easily distracted. In the intervention, it was 
quiet and there was supervision, that worked for me. I could complete 
most of the homework during the intervention.” (#3559908; boy in 
homework support; school A) 
 
Additionally, about half of the participants in the treatment-as-usual (N = 8) reported 
improved planning skills. Ten participants of the homework support group commented 
that they did not benefit from intervention besides that their homework was completed 
during intervention. In contrast, only two participants in the neuropsychological 
intervention group reported that they did not benefit from the intervention. 
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Questionnaire data 
Parents of participants in the neuropsychological group more often reported 
improvements in planning skills (χ2(2, N = 25) = 7.35, p = .025) and increased insight in 
strengths and weaknesses (χ2(3, N = 26) = 6.39, p = .09) than parents in the control group 
(see Table 11.1). Yet, there were no between-group differences in parent-reports of 
changes in study behavior (χ2(2, N = 25) = 2.08, p = .353) or well-being (χ2(2, N = 25) = 2.59, 
p = .274). Similarly, there were no significant interactions between time and group for 
participant reports of social, performance or appearance self-esteem. Furthermore, there 
were no between-group differences in participants’ performance on a short knowledge 
test about brain and learning after intervention (t(31) = 1.47, p = .151). Thus, cross-
examination with data derived from questionnaires confirmed some, but not all main 
themes derived from interviews in the neuropsychological intervention. 
 
Table 11.1 Parent evaluation (after 3 months) 
 Neuropsychological 
intervention 
Control 
intervention 
Improvement in planning skills**   
No 0% 10% 
Somewhat 53% 90% 
Yes 47% 0% 
Improvement in study behavior   
No 13% 10% 
Somewhat 53% 80% 
Yes 33% 10% 
Increased aware of strengths and weaknesses*   
No 0% 27% 
Somewhat 53% 54% 
Yes 40% 9% 
Don’t know 7% 9% 
Improvement in well-being   
No 13% 40% 
Somewhat 47% 40% 
Yes 40% 20% 
*p < .10, **p<.05 
 
DISCUSSION 
This study examined how young adolescent boys with relatively poor executive 
performance evaluated two types of interventions. A neuropsychological intervention 
called Brain Lessons aimed to increase knowledge about development of the adolescent 
brain and to improve self-regulation and self-evaluation skills. Experiences with Brain 
Lessons were compared to experiences with the conventional intervention (homework 
support). Interviews with participants revealed important qualitative differences in 
experiences with Brain Lessons and homework support. The homework support group 
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highly valued the study environment and the fact that their homework was finished when 
they came home. In contrast, participants in Brain Lessons indicated that they learned 
from the intervention, changed study behavior and were more aware of the need to 
study. Cross-validation with parent reports confirmed improvements over time with 
respect to planning skills and metacognitive awareness. A short test of knowledge did 
however not differentiate between participants of the two intervention groups. 
Altogether, this study suggests that planning skills and metacognitive awareness had 
improved more in the neuropsychological intervention group than in the traditional 
intervention group.  
The reported experiences with Brain Lessons were largely in line with the main focus 
points of the intervention (knowledge, skills, metacognition). Interview data indicated that 
the majority of participants, parents and teachers experienced this intervention as useful 
and informative. Compared to the control intervention, adolescents reported better 
knowledge of learning and self-regulation strategies after involvement in Brain Lessons. 
Also, they more often reported feelings of self-control than participants in the control 
group. These results were comparable to the effects of interventions where Brain Lessons 
evolved from (Hoogenhout, de Groot, & Jolles, 2011; Hoogenhout, de Groot, van der Elst, 
& Jolles, 2012; In de Braek, Dijkstra, Ponds, & Jolles, 2012; Valentijn et al., 2005; Van 
Hooren et al., 2007). Yet, based on current knowledge test, we did not find evidence for 
successful transfer of information from the psychoeducation. Although this might be 
related to methodological issues, it may also indicate that the psychoeducation was not 
successful, or not as successful as intended. Thus, the present research remains 
inconclusive about the success of information transfer. 
Participants in the homework support group were satisfied about the intervention 
because they were able to complete their homework during intervention. However, gains 
from the homework support did not seem to transfer to other settings. This suggests that 
performance remained dependent upon the study environment they are in. Thus, Brain 
Lessons seems more successful than homework support in enhancing self-regulation and 
self-evaluation skills. Such skills have previously been related to more adaptive academic 
behaviors, and beneficial effects on student-teacher interactions, homework completion 
rates and academic achievement (Axelrod, Zhe, Haugen, & Klein, 2009; Gureasko-Moore, 
DuPaul, & White, 2007; Reid, Trout, & Schartz, 2005). The interview data revealed that 
motivation to change is fundamental for the success of the intervention. Students who did 
not want to invest effort in the intervention, or lost motivation because they did not have 
success experiences with the tips, dropped out of the intervention. This stresses the need 
to ensure realistic expectations before the start of the intervention. Also, it suggests that 
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teachers in future interventions should focus on providing a stimulating environment for 
adolescents, which can elicit motivation to change.  
The present research showed that semi-structured interviews were sensitive for 
intervention effects, even in a small sample. Therefore, we recommend to include 
interviews in the evaluation of future interventions. Next to providing information about 
the experiences, it may also give useful suggestions for improvement of the intervention 
program. Nevertheless, the results from the interviews should be interpreted with caution 
because they may be susceptible to socially desirable responses. Also, parent reports may 
be biased by expectancies, as parents were not blinded for intervention group. Therefore, 
further research is needed to validate the effects using additional measures, for instance 
observation measures. Also, it would be valuable to include interviews before the start of 
the intervention. A description of the strengths and weaknesses of the participant before 
and after intervention will allow for an examination of behavioral change. Ideally, the 
interviews should be conducted by someone who is experienced with the target 
population, and who is blinded for the intervention group allocation. In a sample of adults 
with ADHD, it was shown that such clinical ratings of change were sensitive to intervention 
effects (In de Braek, et al., 2012).  
In conclusion, the first qualitative evaluation of this study suggests that Brain Lessons 
can be of relevance for young adolescent boys with relatively poor executive abilities. 
Based on the satisfaction ratings and reported experiences, we think that it is worth to 
continue efforts on fine-tuning, implementation and evaluation of this new intervention. 
Future research could additionally address the long-term academic benefits of the 
intervention. 
 
 
APPENDIX I Semi-structured interview 
 
General guidelines for the interviewer 
Ask for examples, to make the statements more concrete. Ask open questions.  
 
Questions 
1. How did you get involved in the intervention? What was the reason you chose to participate?  
2. What is your opinion about the intervention, the group and the teachers involved?  
3. Have you discussed the intervention with your parents? Clarify: When, how often, who started the 
conversation, what was discussed, did parents provide support for the homework assignments? 
4. Can you explain which changes you made in your study behavior after the intervention? For instance, when 
doing homework, or preparing for a test?  
5. Do you think that the intervention was useful?  
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APPENDIX II Quotes in Dutch 
 
(1) “Nou eh… ja…… ik… weet eigenlijk niet echt… ja… ik eh… ja kan niet zo goed met mijn 
huiswerk overweg zeg maar. En… ik maak het ook …. op het laatste moment want ik … ga … 
meer voetballen ofzo, dat vind ik zeg maar leuker. Maar dat lijkt me wel logisch alleen … dan 
denk ik niet van ja ik heb ook nog huiswerk dus dan ga ik lekker tot laat voetballen. En dan 
ben ik thuis en dan ben ik helemaal bekaf en ja … dan heb ik geen zin meer in mijn huiswerk te 
maken. En dan eh.. heb ik het niet gemaakt en dan met mijn toetsen dan snap ik het ook niet. 
En daarom moest ik naar huiswerkbegeleiding om … zeg maar mijn huiswerk te leren plannen 
en dat ik het dan goed ga maken … zodat ik ook ehm mijn toetsen beter kan maken zodat ik 
weer gewoon op de Mavo blijf. Dat denk ik.” (#3556916; boy in homework support; school A) 
 
(2) “Ja, want eerst wou ik het zelf niet echt, omdat ik dacht “Hallo ’t is buiten school…”. Maar 
toen zeiden mijn ouders dat ik het wel moest doen. Toen dacht ik: ‘Nou ja, dan kunnen mijn 
cijfers ook wel weer omhoog’. Dus toen vond ik het wel een goed idee.” (#3557664; boy in 
homework support; school A)  
 
(3) “Ik wil ook wel betere cijfers halen, maar niet echt als dat leren vet lang duurt. Daar heb ik 
ook geen zin in.” (#3549634; boy in homework support; school A)  
 
(4) Interviewer: “Heb je het gevoel dat je wat aan de cursus hebt gehad?” 
Participant: “Ja die kleine dingetjes allemaal, die tips. Het is allemaal niet echt veel maar het 
helpt je wel om het beter te doen” (#3313453; boy in Brain Lessons; school B)  
 
(5) Interviewer: “Heb je het gevoel dat je wat aan de cursus hebt gehad?” 
Participant: “ Ja dat wel een beetje, want ik had steeds m’n huiswerk af”  
(#3312716; boy in homework support; school B) 
 
(6) “Ik had verwacht dat het iets was waar ik van kon leren, niet iets waar ik al mee bezig was. 
Dus dat viel een beetje tegen.” (#3320735; boy in homework support; school B)  
(7) “Ik had verwacht dat het zou helpen, maar dat heeft het niet echt gedaan”  
(#3550789; boy in Brain Lessons; school A)  
 
(8) Interviewer: “Hoe was de groep?” 
Participant: “Ook leuk, waren leuke kinderen, ik kon er goed mee opschieten.” 
Interviewer: “Hoe vond je het om iets te vertellen in die groep?” 
Participant: “Niet erg, want we hadden met elkaar afgesproken dat we er niets over zouden 
zeggen buiten de groep. Dus ik kon gewoon alles zeggen wat ik wilde.”  
(#3329249; boy in Brain Lessons; school B)  
 
(9) “Je merkte wel bij andere kinderen, ik weet niet meer hoe het heet, dat je eerst praat en dan 
pas denkt wat je eigenlijk gezegd hebt. Dat hadden we allemaal.”  
(#2270653; boy in Brain Lessons; school C) 
 
(10) “We moesten bijvoorbeeld een stopbord maken. Dat moest ik ophangen in mijn kluisje, zodat 
ik mijn boeken niet zou vergeten. Ik vergat op vrijdag namelijk vaak mijn boeken voor 
maandag. Dan kon ik niet leren voor een toets. Het stopbord werkte.”  
(#2270653; boy in Brain Lessons; school C) 
 
(11) Interviewer: “Gebruik je dat wel eens?” 
Participant: “Nee.”  
Interviewer: “En waarom niet dan?”  
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Participant: “Nou omdat ik daar echt niet aan denk als ik iets moet doen eigenlijk.” 
(#2271170; boy in Brain Lessons; school C) 
 
(12) Participant: “Liever zit ik gewoon thuis, maar ik vond het wel prettiger dan als ik thuis 
huiswerk deed.” 
Interviewer: “En waarom vond je het dan prettiger?”  
Participant: “ Nou gewoon, omdat ik dan niet snel afgeleid was.”  
(#2276065; boy in homework support; school C) 
 
(13) “Ja, vooral met die impulsiviteit, daar had ik ook heel veel last van, daar let ik nu ook wel 
meer op. Ja, het gebeurt nog wel af en toe, maar nu veel minder dan eerst. En mijn huiswerk 
is nu ook echt af, als het af moet zijn. Ik gebruik dan het stop-stel-splits-check systeem.” 
(#3541978; boy in Brain Lessons; school C) 
 
(14) “Nou, ik heb niet echt heel veel geleerd ofzo, want plannen leerde ik ook al op de basisschool, 
en dat gebruik je toch niet echt. Maar ik gebruikte gewoon die uren om huiswerk te maken. 
Thuis word ik altijd snel afgeleid. Hier was het gewoon helemaal stil onder begeleiding, dat 
ging goed. Het meeste huiswerk maakte ik in die lessen.” (#3559908; boy in homework 
support; school A) 
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CHAPTER 12 
Reflection on Brain Lessons 
 
There is a need for well-validated interventions in educational practice. Therefore, this 
part of the thesis focused on the development and scientific validation of such an 
intervention. The intervention called Brain Lessons was targeted at young adolescent boys 
who are characterized by immature executive performance. It aimed to increase their 
knowledge of development of the adolescent brain and to improve self-regulation and 
self-evaluation skills. It was based on other neuropsychological interventions that have 
been proven successful in other populations (Hoogenhout, de Groot, & Jolles, 2011; 
Hoogenhout, de Groot, van der Elst, & Jolles, 2012; In de Braek, Dijkstra, Ponds, & Jolles, 
2012; Valentijn et al., 2005; Van Hooren et al., 2007). The intervention was developed in 
close collaboration with teachers. In a four year time period, it was stepwise implemented 
and four Dutch secondary schools participated in the process of development. Both 
cognitive and subjective outcome measures were used to assess the merits of the novel 
intervention over the conventional type of support (homework support). This chapter 
reflects on the procedure and outcomes of the project, and describes implications for 
future research.  
 
Reflection on the procedure 
Implementation of a new intervention in educational practice requires efforts from people 
in various levels of the school’s organization. Yet, the present research shows that 
successful implementation was feasible. This may be attributed to characteristics of the 
intervention, the implementers and the participants (Forman & Barakat, 2011). Forman 
and Barakat (2011) emphasized that implementation will be more successful when an 
intervention aligns with the values and needs of the organization and the implementers. In 
the present study, this was ensured by establishing a formal contract between the schools 
and the university. The contract that both parties signed was a mutually beneficial 
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agreement. The schools were looking for ways to improve the school performance boys in 
grade 7 and 8, because they often repeat a grade or stream down to lower educational 
levels. They recognized the characteristic behaviors which have been related to immature 
executive functions, and they were interested in the development of the adolescent brain. 
The schools believed that Brain Lessons could be a better intervention than their current 
support program.  
In this study, teachers were responsible for implementation of the intervention. These 
teachers were motivated to participate in this project. To be well prepared for the lessons, 
they received a training and a detailed protocol. The teachers reported that they were 
sufficiently familiarized with the intervention (the procedure and content) by the 
researchers. However, they indicated that the intervention was very time-consuming. For 
a time period of five weeks, they spend four hours per week on giving the intervention to 
the groups of students. Additionally, they needed time to prepare the lessons. Therefore, 
some of the schools decided to give these teachers time compensation in return for their 
efforts. This is an important point to consider in new studies that use a similar approach. 
Formal arrangements about teacher compensation should be discussed with the board 
before the start of the intervention.  
Elements of efficacy and effectiveness research were balanced in this research. We 
used a controlled design in a school context. Feedback during the initial stages was used 
to improve the intervention and the design in successive stages. This seems a feasible 
method to simultaneously improve and validate educational interventions.  
 
Reflection on the results 
Chapter 10 described the cognitive outcomes of Brain Lessons and the conventional type 
of support in a sample of 80 participants. Improvement over time was found for cognitive 
test performance and teacher ratings of attention, yet to the same extent for both 
interventions. Thus, regarding cognitive functioning, we failed to find evidence for the 
additional value of the novel intervention over the conventional support. However, a 
follow-up analysis in a smaller sample revealed important qualitative differences in 
experiences with Brain Lessons and homework support. The majority of participants, 
parents and teachers experienced Brain Lessons as useful and informative. The in-depth 
analysis of interviews described in Chapter 11 showed that participants in Brain Lessons 
indicated that they learned from the intervention, changed study behavior and were more 
aware of the need to study. These findings were cross-validated by parent ratings with 
respect to improved planning skills and metacognitive awareness. In contrast, the 
homework support group highly valued the study environment and the fact that their 
homework was finished when they came home. Gains from the homework support did 
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not seem to transfer to other settings. This suggests that performance remained 
dependent upon the study environment they were in.  
Thus, although Brain Lessons did not show merits with respect to the performance on 
the objective cognitive tests used in this study, the subjective evaluation suggests that 
knowledge, skills and metacognitive awareness had improved more in the novel 
intervention group than in the group which received the conventional homework support. 
Compared to the control intervention, adolescents reported better knowledge of learning 
and self-regulation strategies after involvement in Brain Lessons. Also, they more often 
reported feelings of self-control than participants in the control group. Therefore, more 
long term benefits may be expected from participation in Brain Lessons. These results 
were largely in line with the main intervention aims. Brain Lessons was targeted on 
various aspects of executive functioning, use of strategies, improving the self-reflection 
and using cognitive strategies, rather than training specific cognitive functions. 
Furthermore, the results were comparable to the effects of interventions where Brain 
Lessons evolved from (Hoogenhout, et al., 2011; Hoogenhout, et al., 2012; In de Braek, et 
al., 2012; Valentijn, et al., 2005; Van Hooren, et al., 2007). 
Yet, increased knowledge of participants was not cross-validated by a short knowledge 
test. Although this might be related to methodological issues, it may also indicate that the 
psychoeducation was not successful, or not as successful as intended. It is known that 
teachers lack familiarity with neuropsychological research and insights, and that we 
should be aware of the spread of neuromyths among teachers (Dekker, Lee, Howard-
Jones, & Jolles, 2012). Therefore, future studies could pay more attention to teacher 
professionalization and accurate information transfer. More in depth evaluation of 
(changes in) knowledge and insights should be a topic for future studies.  
 
Implications for the evaluation of interventions  
The effect sizes for changes in cognitive performance and behavioral ratings were small 
and did not reach significance. This may be attributed to the relatively low symptom 
severity of the participants, which allowed for less improvement than in clinical samples 
(Diamond & Lee, 2011). Furthermore, lower effect sizes were previously found when 
interventions were provided by teachers instead of the researchers themselves (Dignath & 
Büttner, 2008). Yet, other studies have shown that teachers are capable of providing 
successful interventions (Diamond & Lee, 2011). Therefore, our relatively small sample 
may have failed to reach sufficient power to detect small differences in cognitive 
functioning (Cohen, 1988). 
Although cognitive tests provide important information about the efficiency of 
cognitive processes, they may less adequately reflect behavior in real life settings than 
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questionnaires (Toplak, West, & Stanovich, 2012). This has been related to the well-
structured task setting, which decreases the involvement of executive functions (Gioia & 
Isquith, 2004). Similarly, several reviews have shown that it is still unclear whether effects 
of specific cognitive training generalize to everyday functioning (Diamond & Lee, 2011; 
Reijnders, van Heugten, & van Boxtel). With respect to parent and teacher ratings, there 
are concerns about their reliability (Evans, Langberg, Raggi, Allen, & Buvinger, 2005). 
Fluctuations during the academic year, irrespective of intervention, and expectancies of 
parents who were not blinded for intervention group may have biased the results.  
These considerations suggest that alternative outcome measures are needed to 
validate the effectiveness of neuropsychological interventions in populations of healthy 
adolescents attending school. A mixed-method approach can aid in obtaining an all-round 
understanding of intervention effects and adolescent functioning (D'Amato, Fletcher-
Janzen, & Reynolds, 2005; Powell, Mihalas, Onwuegbuzie, Suldo, & Daley, 2008). 
Intervention effects on beliefs, understanding, and behavioral changes were examined 
with interviews. The research described in Chapter 11 showed that interviews were 
sensitive for intervention effects, even in a small sample. Therefore, we recommend to 
include interviews in the evaluation of future interventions. This method is often used in 
the health domain (e.g., In de Braek, et al., 2012; Yu & Swartwood, 2012). Next to 
providing information about the subjective experiences, it may also give useful 
suggestions for improvement of the intervention program. Altogether, the research 
described in Chapter 10 and 11 suggests that a mixed-method approach is useful to obtain 
an understanding of the effects of this specific intervention. Quantitative and qualitative 
measures assess different aspects of behavior. They can supplement each other and 
should therefore be used in conjunction when evaluating the effects of an intervention 
based on neuropsychological principles.  
 
The importance of motivation 
It is important to consider that a student’s motivation to change his behavior was 
fundamental for intervention success. Participants needed to be willing to invest effort in 
the intervention. This motivation can be elicited by the awareness that their study 
behavior should be improved. Because adolescents – notably boys – often have poor self-
evaluation skills, teachers and parents have an important role in this respect. It is a 
challenge to motivate adolescents for after-school interventions (Bussing et al., 2012). 
Adolescents were more likely to drop-out when there was a one hour gap between their 
schedule and the intervention. Therefore, after-school interventions should ideally be 
scheduled directly after the participants’ regular lessons. Furthermore, there is an 
important task for the teacher to put effort in a good group atmosphere, in order to keep 
136 
 
  
BRAIN LESSONS - REFLECTION 
 
the adolescents involved with the intervention. At the same time, teachers should prevent 
that too much time is wasted on small-task. It is important to realize that adolescents are 
very susceptible to the opinions of their peers. Therefore, teachers should be aware of 
possible negative peer-modeling effects.  
Rewarding experiences during intervention were needed to keep participants 
motivated. These rewards could include receiving positive feedback from teachers, or 
being able to complete homework more efficiently. To increase the likelihood that 
adolescents have rewarding experiences, they need to set small and realistic goals during 
the intervention. It should be clear that higher grades are a long-term goal of the 
intervention. Again, teachers and parents have an important role in this respect. They 
need to ensure realistic expectations before the start of the intervention. Also, they are 
needed to encourage the adolescents to continue the use of the strategies after 
intervention completion. Repeated practice is needed for behavioral strategies to be 
effective (Diamond & Lee, 2011).  
 
Limitations  
One of the limitations of the present research is that the sample size was too limited to 
correct for differences between schools. There were differences between teachers in how 
they performed the intervention. For instance, some teachers reported that they mainly 
focused on the psychoeducation, whereas others focused more on self-evaluation and 
discussion of homework assignments. This may have affected participant motivation 
and/or intervention outcomes. Also, some intervention contamination could have 
occurred, as the same teachers were involved in the novel and the conventional 
intervention. It was stressed in the teacher training that it was essential for the research 
that teachers kept their practices closely in line with the intervention protocols. However, 
we are unaware of the teachers’ adherence to the protocol. Furthermore, behavioral 
ratings and experiences may have been influenced by the intervention status, because 
intervention allocation was not blinded for parents, teachers and participants.  
 
Suggestions for future research 
More research is needed to validate the effects of Brain Lessons using more objective 
measures, for instance observation measures. Also, it can be valuable to include 
interviews before the start of the intervention. A description of the strengths and 
weaknesses of the participant before and after intervention will allow for an examination 
of change in behavior and attitude. Ideally, the interviews should be conducted by 
someone who is experienced with the target population, and who is blinded for the 
intervention group allocation. This has previously been identified as a sensitive method to 
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detect intervention effects in a sample of adults with ADHD (In de Braek, et al., 2012). 
Furthermore, long-term effects on academic outcomes should be examined. Academic 
outcomes like grades provide valuable information for schools when they need to decide 
whether they want to continue intervention implementation. The problem is however, 
that end-of-term grades are probably not sensitive to intervention effects (Evans, et al., 
2005). Our target population may have arrears in certain subjects which cannot be easily 
made up with general study skills support. Therefore, future research should examine how 
grades can be used as sensitive, valid outcome measures in this type of research. Future 
research could also explore the importance of the number of meetings, duration of the 
meetings, teacher effects and intervention planning within the academic year. 
Systematically varying these factors will yield insights that are beneficial for the fine-
tuning of the intervention. 
 
Suggestions for refinements of the intervention 
The intervention may be improved by increasing the intensity of parent and teacher 
involvement. Parents and teachers are important agents of change in the adolescent’s life. 
Frequent reminders from them might aid the adolescents in memorizing what they have 
learned during the intervention. We have experienced that most parents and teachers are 
eager to learn about the developing brain. Therefore, it may be worthwhile to invest in 
more elaborate parent and teacher meetings. Furthermore, participants might benefit 
from follow-up sessions. This can stimulate them to continue the use of the strategies. 
Also, it could be considered whether it would be possible to include the psychoeducation 
into regular lessons, for instance in biology lessons in the first year of secondary school. 
Students with poor executive skills may additionally sign up for training that is focused on 
applying the information from the lessons to their personal situation. In this way, there 
would be more time available for self-evaluation and practicing goal-directed actions than 
in the current intervention. On the longer term, it would be interesting to examine 
whether this approach is also useful for other populations, e.g., boys in lower educational 
tracks, older boys, adolescents from a different cultural background, or girls. Girls are 
more prone to internalizing behaviors, instead of externalizing behaviors (Lewinsohn, 
Hops, Roberts, Seeley, & Andrews, 1993). A similar approach with psychoeducation, 
strategy training and group discussions, may also be useful for girls if the content of the 
intervention was adapted to internalizing behaviors. For instance, this program could 
focus on fear of failure or perfectionism. 
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Follow-up initiatives at the participating schools 
The schools who participated in this research were positive about the content of Brain 
Lessons. Several teacher initiatives have arisen for continuation of the project after study 
completion. Their overall impression was that improvements should be made to the 
format. Teachers at school A made some changes to the intervention protocol based on 
their experiences. They will offer students the opportunity to follow this adapted version 
of the intervention. School B will redirect students with poor school results to the 
intervention teachers for extra support lessons. Furthermore, policy makers want to invest 
in teacher professionalization. They aim to develop a training for teachers focused on 
dealing with adolescents characterized by immature executive abilities. Additionally, they 
want to provide similar information meetings for parents. Policy makers in school C 
currently discuss the possibility to implement certain elements of Brain Lessons school-
wide. Teachers have suggested to incorporate the strategy training, planning tips and facts 
about the brain in the curriculum of all classes in grade 7 and 8. 
 
Conclusion 
This research underscored the feasibility of a scientific approach to educational 
innovations. It showed that it is possible to transfer interventions from clinical health 
practices to school settings. We acknowledge that this research was only the first step 
towards the development of an evidence-based intervention. So far, the results showed 
several merits of the novel intervention over the conventional intervention (homework 
support), related to planning skills and self-evaluation skills. Therefore, we think that this 
intervention can be of potential relevance for young adolescent boys with poor self-
control skills. Therefore, we encourage future research and further intervention 
development to validate the effectiveness of Brain Lessons.  
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CHAPTER 13 
CONCLUDING REMARKS 
 
This thesis is focused on learning of young adolescents and the possible translation of 
neuropsychological insights into interventions for educational practice. It examined 
individual differences in factors underlying school performance during adolescence. Age 
and sex differences were investigated in goal orientations and processing speed which are 
both a determinant of school performance. Furthermore, the thesis provided insight into 
teachers’ knowledge of the brain and its involvement in learning. It was investigated how 
familiar teachers were with the topic and whether their knowledge could be improved 
through implementation of a teaching module in the curriculum. Finally, the thesis 
described the stepwise process of development of a neuropsychological intervention that 
was implemented and evaluated in educational practice. This intervention aimed to 
improve self-regulation skills of young adolescent boys (12-14 years) through 
psychoeducation about neuropsychological functioning, strategy training and group 
discussions. This chapter reflects on the main outcomes of the research described in this 
thesis and provides suggestions for future research. 
 
Individual differences in determinants of school performance 
Three studies in this thesis investigated individual differences in factors underlying school 
performance. The research described in Chapter 2 and 3 focused on goal orientations, 
which reflect a student’s approach to learning. Mastery goals, work-avoidant goals and 
two performance goals were distinguished (Dweck, 1986; Elliot, et al., 1999). Vignettes 
were used as an assessment instrument and provided important information about goal 
prevalence. The study described in Chapter 2 showed that there were age and sex 
differences in goal orientation during adolescence. With age, there was a shift from 
mastery to work-avoidant goals. This reflects a decrease in school motivation. Irrespective 
of age, girls were more likely than boys to endorse mastery goals or performance-avoidant 
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goals. Boys more often endorsed work-avoidant and performance-approach goals. At age 
14-19 years, work-avoidance was more than twice as common in boys than in girls. As 
shown in Chapter 3, mastery and performance-approach goals were related to better self-
regulation skills, and consequently higher academic achievement than the two avoidant 
goals. Altogether, the findings from Chapter 2 and 3 suggest that less adaptive 
motivational goals are more prevalent among boys than girls. This may be one of the 
explanations for poorer academic achievement of boys compared to girls. 
Another factor involved in many school-related tasks is the efficiency of information 
processing. As described in Chapter 4, there were age and sex differences in processing 
speed during adolescence. Efficiency of information processing continued to improve after 
age 13. Young adolescent boys performed worse than girls of the same age. Furthermore, 
students in higher educational tracks had higher processing speed than students in lower 
tracks. Yet, school grades did not explain additional variation in processing speed, 
indicating that cognitive performance is relatively independent from school performance. 
These findings provide evidence for continued development of processing speed during 
early adolescence, with a delay in boys’ development during this age-period.   
In conclusion, the research described in Chapter 2, 3 and 4 showed that age and sex 
are important sources of variability during adolescence, notably its early phases. These 
factors can explain individual differences in learners’ motivation and cognitive abilities. 
The findings suggest that poorer academic performance of boys compared to girls may be 
partly explained by less adaptive motivational goals and/or poorer self-regulation skills at 
this age.  
 
Teachers’ knowledge of ‘Brain & Learning’ 
The first step towards translational research in the field of brain, learning and education in 
this thesis involved an investigation of teachers’ knowledge about the relation between 
‘Brain’ and ‘Learning’. The study described in Chapter 5 revealed that many 
misconceptions about the brain exist among professionals in the field of education. On 
average, teachers believed 49% of the so-called neuromyths. Myths related to 
commercialized educational programmes were most prevalent. Around 70% of the 
general knowledge statements were answered correctly. The study showed that teachers 
who are enthusiastic about the possible application of neuroscience findings in the 
classroom find it difficult to distinguish pseudoscience from scientific facts. Possessing 
greater general knowledge about the brain does not appear to protect teachers from 
believing in neuromyths.  
The research described in Chapter 6 focused on biology teachers in secondary school 
who are eager to learn about ‘Brain & Learning’. It was found that biology teachers were 
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less familiar with brain functions and development than with basic neuroscience concepts 
and the structure of the nervous system. Additionally, Chapter 6 showed that 
implementation of a ‘Brain & Learning’ teaching module was effective in enhancing 
teachers’ knowledge of this topic. This teaching module also promoted effective student 
beliefs about intelligence, which previously has been related to better student 
achievement (Blackwell, Trzesniewski, & Dweck, 2007).  
In conclusion, the research described in Chapter 5 and 6 indicates a need for enhanced 
teacher professionalization programs about ‘Brain & Learning’. Implementation of 
teaching modules about ‘Brain & Learning’ could enhance teachers’ knowledge on this 
topic, and simultaneously have positive effects on students. It is encouraging that teachers 
are eager to learn more about the brain and its role in learning. Nevertheless, the research 
showed that the integration of neuroscience in educational practice remains challenging. 
For teachers, some familiarity with brain research was not enough to distinguish myths 
from the truth. This stresses the importance of close collaboration and dialogue between 
teachers and neuroscience experts. Interdisciplinary communication is crucial for a 
successful collaboration between the two fields (Hruby, 2012; Jolles et al., 2006).  
 
An educational neuropsychology intervention 
The second part of this thesis was dedicated to the stepwise development, 
implementation and evaluation of a neuropsychological intervention in a school setting. 
This intervention called Brain Lessons aimed to improve self-regulation skills of young 
adolescent boys (12-14 years) through psychoeducation, strategy training and group 
discussions. The thesis showed that it was feasible to transfer such interventions from 
clinical health practices to school settings. As described in Chapter 8, implementation of a 
new intervention in educational practice requires efforts from people in various levels of 
the school’s organization. The intervention was developed in a reciprocal relationship 
between scientists and teachers. Thus, it depends upon close collaboration between 
teachers and scientists. 
The intervention Brain Lessons was targeted at young adolescent boys characterized 
by immature executive performance. Brain Lessons did not show merits with respect to 
performance on the standard objective cognitive tests used in this study. Yet, boys who 
were involved in this neuropsychological intervention showed qualitatively different 
experiences than boys in the control intervention. The subjective evaluation suggests that 
knowledge, skills and metacognitive awareness had improved more in the 
neuropsychological intervention group than in the group which received the conventional 
homework support. These gains seemed to transfer to other settings. Therefore, more 
long term benefits are expected from participation in Brain Lessons. Intervention success 
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seemed to depend upon motivational aspects. Rewarding experiences during intervention 
were needed to keep participants motivated. 
In conclusion, this thesis suggests that a neuropsychological intervention has potential 
relevance for young adolescent boys with poor self-control skills. Implementation of 
interventions in school settings requires a close collaboration between neuroscientists, 
educational scientists and practitioners. The research confirmed that a mixed-method 
approach is needed to obtain an all-round understanding of intervention effects and 
adolescent functioning (D'Amato, Fletcher-Janzen, & Reynolds, 2005; Powell, Mihalas, 
Onwuegbuzie, Suldo, & Daley, 2008). This research was the first step towards the 
development of an evidence-based intervention.  
 
Future directions for translational research in the field of Brain, Learning and Education 
The research described in this thesis provides several suggestions for how to proceed in 
the field of Brain, Learning and Education.  
 
Enhance professional learning of teachers. As we continue to understand learning 
processes, we know that not only cognitive abilities, but also skills, motivation and 
attitude towards school are important for the learning outcome. Rather than being 
content-driven, education should therefore be centered around the learning adolescent. 
Because teachers are primary agents of change in education, they should be 
acknowledged with recent insights from brain and cognitive science about learning and 
development. This will not only increase their understanding of adolescent behaviors, but 
may also give them ideas about how teaching methods can be optimized to enhance 
learning and motivation of their students. This could be achieved by incorporating 
neuroscience courses into initial teacher training. In addition, initial teacher training 
should include the skills needed to evaluate scientific research (Lilienfeld, Ammirati, & 
David, 2012). This would enable teachers to develop a critical attitude towards the 
information they receive and examine scientific evidence before including neuroscientific 
findings into their teaching practice (Howard-Jones, 2009). It is very encouraging that 
there is a large interest among educators to learn more about the brain. The present 
thesis highlights the importance of interdisciplinary communication in order to 
successfully transfer neuroscientific findings to educational practice. A dialogue between 
neuroscientists, educational scientists and practitioners is needed to establish effective 
collaborations between the two fields and to proceed in the field of Brain, Learning and 
Education (Hruby, 2012; Jolles, et al., 2006).  
Ideally, schools should become dynamic learning communities, where students as well 
as their teachers are learners. Schools should invest in teachers’ professional learning and 
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stimulate a critical attitude among teachers towards the quality of their teaching methods. 
If teachers were equipped with basic research skills, they would be able to evaluate their 
own teaching methods. This may be achieved by structural partnerships between the 
schools and the university. The so-called ‘academic workplaces’ are of great potential 
value in this respect. The Centre for Brain & Learning Amsterdam has developed several 
academic workplaces in various schools for primary education, in secondary schools and in 
schools for higher vocational training. These workplaces provide a place where 
fundamental and applied researchers ‘meet’ educational professionals. They interact in 
applied intervention research in the school setting or provide the basis for survey or 
experimental research in the school environment. Current projects are focused on the 
development of evidence-based interventions and research into the determinants of 
successful study performance, learning motivation and underachievement (Centre for 
Brain & Learning Amsterdam, see www.hersenenenleren.nl and www.breinplein.nl).  
 
Intervention development. Suggestions for refinement of the content of the intervention 
Brain Lessons are described in Chapter 12. After these refinements, future research could 
explore the importance of the number of meetings, duration of the meetings, teacher 
effects and intervention planning within the academic year. Systematically varying these 
factors will yield insights that are beneficial for the fine-tuning of the intervention. On the 
longer term, it is deemed important to examine whether this approach is also useful for 
other populations, e.g., boys in lower educational tracks, older boys, adolescents from a 
different cultural background, or underperforming girls or girls with risk for internalizing 
behavior.  
Important to note is that we should avoid stereotypes about boys’ academic 
performance. Previous research showed that it hindered their test performance if boys 
were told that they are academically inferior to girls (Hartley & Sutton, 2013). Thus, we 
should not portray them as academic underachievers. The value of the neuropsychological 
approach is, in line with this notion, that it holds a dimensional view of abilities. It is not 
fixed, but rather focuses on development and individual differences. Moreover, it 
emphasizes each ones possibility to grow and flourish over time. Such an approach can 
counteract prior negative gender stereotypes about boys’ academic performance (Hartley 
& Sutton, 2013).  
 
Evaluation of interventions for educational practice. We encourage future research and 
further intervention development to validate the effectiveness of Brain Lessons. The 
research described in Part 2 of this thesis shows that quantitative measures alone are not 
sufficient to obtain a full understanding of the effects of neuropsychological interventions. 
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Rather, mixed-methods procedures are necessary in this type of research. Future research 
should focus on the development of more objective measures to validate intervention 
effects. These could include observation measures in educational settings, or expert 
ratings of behaviors and attitudes before and after intervention. These expert ratings have 
already been identified as a sensitive method to detect intervention effects in a sample of 
adults with ADHD (In de Braek, Dijkstra, Ponds, & Jolles, 2012). Furthermore, future efforts 
are needed to reveal whether grades can be used as sensitive, valid outcome measures in 
this type of research. 
Lastly, it is important to consider that the success of an intervention is not only 
dependent on its content, but also on the situation, the person who provides the 
intervention and the participants (Forman & Barakat, 2011; Langberg & Smith, 2006; 
Molina, Smith, & Pelham, 2005; Owens, Murphy, Richerson, Girio, & Himawan, 2008). 
Therefore, intervention protocols for educational settings should in any case be flexible, 
and adjustable to the needs and interests of the teachers and students. Practice is “as 
much an art as it is a science”, and “as much a dialogue as it is an application of empirical 
findings to clients’ unique characteristics and context” (Nevo & Slonim-Nevo, 2011). 
Interaction with teachers is crucial to monitor and improve the intervention materials 
continuously. Therefore, empirical evidence should always be used in conjunction with 
their practical knowledge and experiences in order to decide upon the best practices for 
education (Nevo & Slonim-Nevo, 2011).  
 
Conclusion 
The research described in this thesis emphasizes that age and sex are important sources of 
variability in school performance during early adolescence. Furthermore, it shows that 
translational research in the field of Brain, Learning and Education is desirable, necessary 
and feasible. Recent neuropsychological insights enhance our understanding of learning 
and development, and can be translated into viable interventions for school settings. The 
first steps have been taken to join forces of research and practice in the field of Brain, 
Learning and Education. Continued efforts may gradually transform schools into dynamic 
learning environments that stimulate both student and teacher learning.  
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Advances in brain and cognitive sciences have yielded new insights about learning and 
brain development during adolescence. These insights not only improve our 
understanding of learning and development, but are also believed to have potential to 
improve educational practices and learning outcomes. This has led to the emergence of a 
new research field, called educational neuroscience, which is dedicated to both 
fundamental and applied aspects of the brain-behavior relationships which are pertinent 
to education and to the elaboration on their implications for educational practice. A 
general introduction to this new research field can be found in Chapter 1. Currently, there 
is a strong need for scientific validation of the practical applications of brain science to 
educational settings. A close connection between research and practice in education is 
considered crucial to proceed towards evidence-based education. Therefore, this thesis 
was dedicated to translational research in the field of brain, learning and education. The 
primary focus was on young adolescents (10-14 years), because this period is marked by 
large developmental and educational changes. The main aims were 1) to examine 
individual differences in factors underlying school performance and 2) to evaluate ‘Brain & 
Learning’ interventions based on principles from the emerging discipline of educational 
neuropsychology in school settings.  
Chapter 2, 3 and 4 focused on individual differences in school performance during 
adolescence. The study described in Chapter 2 examined age and sex differences in goal 
orientation during adolescence. Participants included 910 adolescents aged 10-19 years. 
They read vignettes of students reflecting four goal orientations and indicated which 
student they resembled most. Boys and girls from two age-groups (10-14 versus 14-19 
years old) were compared. Results showed that girls were more likely than boys to 
endorse mastery goals (48% vs 39%) or performance-avoidant goals (20% vs 14%). Boys 
more often endorsed work-avoidant or performance-approach goals. At age 14-19 years, 
work-avoidance was more than twice as common for boys as girls (27% vs 12%). With age, 
mastery goals decreased (from 52% to 36%), whereas work-avoidant goals increased 
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(from 8% to 18%). These age and sex differences in goal orientations may be a possible 
explanation for boys’ lower academic achievement compared to girls’ and show a need for 
early intervention. 
Chapter 3 elaborated on these findings and investigated whether goal orientations 
were predictive of academic achievement. It additionally addressed the role of 
metacognitive self-regulation. The sample included 735 adolescents between 10 and 19 
years of age. Results showed that students with mastery and performance-approach goals 
obtained higher grades than students characterized by learning-avoidant goals. Students 
with mastery goals showed the best metacognitive self-regulation skills of all students. 
The relation between goals and achievement was mediated by metacognitive self-
regulation. This research suggests that mastery goals and metacognitive self-regulation 
skills should ideally be supported in the classroom. 
Chapter 4 focuses on another possible determinant of school performance, namely 
processing speed. The study investigated differences between boys and girls regarding 
efficiency of information processing during early adolescence. A coding task based on 
over-learned symbols was performed by 306 adolescents in grade 7 and 9 (aged 13 and 15 
respectively). Results showed that adolescents in grade 9 outperformed adolescents in 
grade 7. Irrespective of age, girls performed better than boys. The 25% best-performing 
students comprised twice as many girls as boys. The opposite pattern was found for the 
worst performing 25%. In addition, a main effect was found for educational track in favour 
of the highest track. School grades did not explain additional variance in processing speed. 
This indicates that real-life school performance cannot be predicted by performance on 
one cognitive task only. Student characteristics like age, sex and education level were 
more important for efficiency of information processing than school performance. The 
findings imply that even after age 13, efficiency of information processing is still 
developing and that girls outperform boys in this respect.  
Neuropsychological insights may provide practical implications that have potential to 
improve educational practices. To take the first step towards translational research in the 
field of Brain, Learning and Education, Chapter 5 and 6 investigated teachers’ knowledge 
about ‘Brain & Learning’. Chapter 5 examined the prevalence and predictors of 
misconceptions about the brain, so called neuromyths, among teachers in the United 
Kingdom and the Netherlands. A large observational survey design was used to assess 
neuromyths as well as general knowledge of the brain. The sample comprised 242 primary 
and secondary school teachers who were interested in the neuroscience of learning. 
Participants completed an online survey containing 32 statements about the brain and its 
influence on learning, of which 15 were neuromyths. Results showed that on average, 
teachers believed 49% of the neuromyths, particularly myths related to commercialized 
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educational programmes. Around 70% of the general knowledge statements were 
answered correctly. Teachers who read popular science magazines achieved higher scores 
on general knowledge questions. More general knowledge also predicted an increased 
belief in neuromyths. These findings suggest that teachers who are enthusiastic about the 
possible application of neuroscience findings in the classroom find it difficult to distinguish 
pseudoscience from scientific facts. Possessing greater general knowledge about the brain 
does not appear to protect teachers from believing in neuromyths. This demonstrates the 
need for enhanced interdisciplinary communication to reduce such misunderstandings in 
the future and establish a successful collaboration between neuroscience and education. 
Chapter 6 examined high school biology teachers’ knowledge of ‘Brain & Learning’. 
Additionally, it evaluated the effects of a ‘Brain & Learning’ teaching module on both 
teachers’ knowledge and students’ beliefs about learning potential. The module 
comprised 3 lessons about brain development, plasticity and learning. Participants were 
40 biology teachers who were interested in ‘Brain & Learning’ and 1241 students (grade 8-
9). Data were obtained in a controlled intervention which was executed according to a 
waiting-list control group design. Online questionnaires were completed to examine 
teachers’ knowledge and students’ beliefs. Results indicated that before intervention, 
teachers were less familiar with brain functions and brain development than with basic 
neuroscience (47% vs 76% of the questions correct). Teachers’ knowledge of brain 
functions and development was significantly higher after implementation of the module 
(64% correct). After the intervention, students in the intervention group more often 
believed in the malleability of intelligence than students in the control group (29% versus 
21%). This suggests that the teaching module enhanced teachers’ knowledge and 
promoted effective student beliefs about intelligence. Together with positive teacher and 
student evaluations, these results emphasize the value of the teaching module for current 
high school biology curricula. 
The second part of the thesis, Chapter 7 to 12, is dedicated to the development, 
implementation and evaluation of a neuropsychological intervention in a school setting. 
This new neuropsychological intervention called Brain Lessons focused on improving self-
regulation skills in young adolescent boys. The main components of the intervention are 1) 
psychoeducation about the brain, attention, planning, impulsivity and memory, 2) goal 
management training to stimulate goal-directed actions, and 3) group discussions to 
exchange experiences and improve self-evaluation skills. Intervention groups consisted of 
maximum 8 boys, guided by two trained teachers. The intervention was developed 
stepwise in close collaboration with four Dutch secondary schools. The research included 
80 boys from grade 7-8 with poor self-regulation skills. Participants were randomly 
assigned to the neuropsychological or control intervention (standard homework support). 
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Performance evaluations took place before, directly after and three months after 
intervention. A qualitative evaluation took place in a subset of the sample after 
intervention completion. Results showed no significant group differences on 
neuropsychological tests (attention, memory, speed) or cognition questionnaires (teacher, 
parent, self). Yet, more practice with the strategies may be needed before the changes in 
performance can be objectified. The qualitative evaluation revealed different experiences 
in both groups. Knowledge, skills and metacognitive awareness had improved more in the 
neuropsychological intervention group than in the group which received the conventional 
homework support. Therefore, more long term benefits may be expected from 
participation in Brain Lessons. This research is a first step towards the development of an 
evidence-based intervention for educational settings, and underscores the feasibility of a 
scientific approach to educational methods. 
Finally, the main conclusions of this thesis together with suggestions for future 
research are presented in Chapter 13. It was emphasized that age and sex are important 
sources of variability in school performance during early adolescence. Furthermore, it was 
concluded that neuropsychological insights can be translated into viable interventions for 
school settings. Future efforts should focus on enhancing professional learning of 
teachers, intervention development and the development of valid outcome measures for 
this type of research. The present thesis highlights the importance of interdisciplinary 
communication in order to proceed in the field of Brain, Learning and Education. Empirical 
evidence should always be used in conjunction with teachers’ practical knowledge and 
experiences in order to decide upon the best practices for education. In this way, schools 
may gradually be transformed into dynamic learning environments that stimulate both 
student and teacher learning. 
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In de afgelopen jaren is kennis over structuur en functie van de hersenen sterk 
toegenomen. Vooruitgang in meetmethoden in de hersen- en cognitiewetenschap hebben 
geleid tot nieuwe inzichten over leerprocessen en hersenontwikkeling tijdens de 
adolescentieperiode. Deze inzichten vergroten niet alleen onze kennis van leren en 
ontwikkeling, maar leveren mogelijk ook waardevolle toepassingen voor de praktijk van 
onderwijs en opvoeding. Het idee is dat onderwijs en leeruitkomsten verbeterd zouden 
kunnen worden door rekening te houden met de ontwikkeling van het brein en 
verschillende factoren die ten grondslag liggen aan succesvol schools presteren. Dit heeft 
geleid tot het ontstaan van een nieuw onderzoekgebied, genaamd Onderwijs-
neurowetenschap (Educational Neuroscience). Eén aspect van dit onderzoeksgebied, 
Educational Neuropsychology, richt zich zowel op fundamenteel onderzoek naar hersen-
gedrag relaties die relevant zijn voor het onderwijs, als ook op toegepast onderzoek 
waarbij wordt onderzocht welke implicaties deze bevindingen hebben voor de 
onderwijspraktijk. Een algemene introductie in dit onderzoeksgebied staat beschreven in 
Hoofdstuk 1.  
 
Doelen van dit proefschrift 
Momenteel bestaat er een grote behoefte aan wetenschappelijke validatie van de 
praktische toepassingen van inzichten uit de neurowetenschappen en cognitieve 
wetenschap in onderwijssettings. Een nauwe samenwerking tussen wetenschappers en 
praktijkbeoefenaars in het onderwijs wordt cruciaal bevonden om onderwijs te 
ontwikkelen dat gebaseerd is op wetenschappelijk onderzoek. Daarom is dit proefschrift 
gewijd aan translationeel onderzoek op het gebied van brein, leren en educatie, waarin de 
dialoog tussen wetenschap en onderwijspraktijk centraal staat. Het onderzoek richt zich 
op een doelgroep van jonge adolescenten (10-14 jaar), omdat deze leeftijdsperiode 
gekenmerkt wordt door grote veranderingen in ontwikkeling en in onderwijsvorm. De 
doelen van dit proefschrift waren om 1) individuele verschillen te onderzoeken in factoren 
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onderliggend aan schools presteren en 2) interventies op het gebied van ‘Brein & Leren’ te 
evalueren, waarin neuropsychologische kennis die relevant is voor de onderwijspraktijk 
wordt geïmplementeerd in een schoolse setting.  
 
Individuele verschillen tussen leerlingen 
Hoofdstuk 2, 3 en 4 zijn gericht op individuele verschillen in schoolprestatie tijdens de 
adolescentie. Het onderzoek in Hoofdstuk 2 beschrijft leeftijds- en geslachtsverschillen in 
motivatiedoelen (wetenschappelijke term: goal orientations) tijdens de adolescentie. 
Leerlingen hebben verschillende doelen voor ogen wanneer zij hun schoolwerk maken. 
Sommige leerlingen leren vanuit nieuwsgierigheid en intrinsieke motivatie; andere 
leerlingen hebben een extern doel (hun competentie bewijzen, of voorkomen dat zij 
fouten maken); weer andere leerlingen willen geen moeite doen voor school (zie Tabel 
S.1). De proefpersonen in het onderzoek waren 910 adolescenten van 10-19 jaar. Zij lazen 
beschrijvingen van leerlingen met vier verschillende motivatiedoelen (zie Tabel S.1) en 
gaven aan met welke leerling zij zichzelf het meest identificeren. In het onderzoek werden 
jongens en meisjes van twee leeftijdsgroepen (10-14 versus 14-19 jarigen) met elkaar 
vergeleken. De resultaten lieten zien dat meisjes vaker dan jongens leergierig (48% vs 
39%) of faalangstig (20% vs 14%) waren. Jongens waren daarentegen vaker 
werkvermijdend of prestatiegericht. In de leeftijdscategorie 14-19 jaar kwamen 
werkvermijdende doelen meer dan twee keer zoveel voor bij jongens dan bij meisjes (27% 
vs 12%). Dit kan een van de mogelijke verklaringen zijn voor de lagere schoolprestatie van 
jongens vergeleken met meisjes. Met leeftijd nam leergierigheid af (van 52% naar 36%), 
terwijl een werkvermijdende houding toenam (van 8% naar 18%). Dit geeft de noodzaak 
aan van vroege interventie.  
 
Tabel S.1 Motivatiedoelen 
Type leerling  Verkorte beschrijving doel 
Leergierig “Ik vind leren leuk” 
Prestatiegericht “Ik wil laten zien hoe goed ik ben” 
Faalangstig “Ik wil niet dom overkomen” 
Werkvermijdend “Ik wil liever geen moeite doen voor school”  
 
Hoofdstuk 3 bouwt voort op deze bevindingen en beschrijft of motivatiedoelen 
inderdaad voorspellend waren voor schools presteren. Het onderzoek werd uitgevoerd bij 
735 adolescenten van 10 tot 19 jaar. De resultaten lieten zien dat leerlingen die leergierig 
of prestatiegericht waren, hogere cijfers haalden dan leerlingen die werkvermijdend of 
faalangstig waren. Verder werd onderzocht in welke mate de verschillende leerlingtypes 
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zich bewust waren van hun eigen leergedrag, en in hoeverre ze dit gedrag bewust 
stuurden. Dit zijn de zogenaamde metacognitieve zelfregulatie vaardigheden. Uit het 
onderzoek bleek dat leergierige leerlingen in deze vaardigheden excelleerden, en dat 
werkvermijdende leerlingen de minst goede zelfregulatie vaardigheden hadden. Dit was 
de verklaring voor het verschil in schoolprestatie van de verschillende type leerlingen. Hoe 
beter hun zelfregulatie vaardigheden, hoe beter de schoolprestatie. Kortom, de relatie 
tussen motivatiedoelen en schools presteren werd gemediëerd door metacognitieve 
zelfregulatie. De bevindingen van dit onderzoek suggereren dat motivatiedoelen via 
zelfregulatie vaardigheden positief gerelateerd zijn aan schools presteren.  
Hoofdstuk 4 richt zich op een andere factor die belangrijk is voor veel schoolse taken, 
namelijk de snelheid van informatieverwerking. Op een schooldag worden leerlingen met 
veel informatie geconfronteerd, en de snelheid en efficiëntie waarmee ze die verwerken is 
medebepalend voor hoe goed zij kunnen presteren. Er is onderzocht of er tijdens de 
vroege adolescentie verschillen zijn tussen jongens en meisjes in de efficiëntie waarmee 
ze informatie kunnen verwerken. Deelnemers aan het onderzoek waren 306 adolescenten 
uit de brugklas en derde klas van het voortgezet onderwijs (respectievelijk 13 en 15 jaar 
oud). Zij maakten een zogenaamde substitutie taak, waarin ze een letter-cijfer koppeling 
leren en binnen een gegeven tijdsinterval zoveel mogelijk van deze letter-cijfer 
koppelingen invullen. De resultaten lieten zien dat leerlingen uit de derde klas beter op 
deze taak presteerden dan leerlingen in de brugklas. Onafhankelijk van leeftijd waren 
meisjes beter in deze taak dan jongens. De 25% best-presterende leerlingen bevatte twee 
keer zoveel meisjes als jongens. Het omgekeerde patroon werd gevonden binnen de 25% 
slechtst-presterende leerlingen. Daarnaast was er een effect van opleidingsniveau: 
leerlingen van het vwo presteerden beter dan leerlingen van de havo. Schoolcijfers waren 
niet gerelateerd aan de snelheid van informatieverwerking. Hieruit blijkt dat niet de 
schoolcijfers, maar de leerling-karakteristieken zoals leeftijd, geslacht en opleidingsniveau 
voorspellend zijn voor de efficiëntie waarmee informatie wordt verwerkt. De bevindingen 
impliceren dat de efficiëntie waarmee informatie verwerkt wordt, zelfs na het 13e 
levensjaar nog doorontwikkelt. Tijdens de vroege adolescentie kunnen meisjes efficiënter 
informatie verwerken dan jongens.  
 
Neurowetenschappelijke kennis van docenten 
Neuropsychologische inzichten over leren en ontwikkeling kunnen praktische 
toepassingen opleveren voor de onderwijspraktijk. Als eerste stap in de richting van 
translationeel onderzoek op het gebied van Brein, Leren en Educatie, is in Hoofdstuk 5 en 
6 onderzocht hoeveel docenten momenteel weten van het onderwerp ‘Brein & Leren’. Er 
zijn sterke aanwijzingen dat er veel misvattingen over het brein circuleren onder 
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onderwijsprofessionals. Daarom was het onderzoek beschreven in Hoofdstuk 5 erop 
gericht om te onderzoeken hoeveel van deze neuromythen bestaan in de 
onderwijspraktijk. Ook werd onderzocht welke factoren voorspellen of docenten in 
neuromythen geloven. Een grote observationele studie werd uitgevoerd onder 242 
docenten in het Verenigd Koninkrijk en Nederland. Deze docenten van basis- en 
voortgezet onderwijs waren allen geïnteresseerd in het onderwerp ‘Brein & Leren’. Zij 
vulden een online vragenlijst in bestaande uit 32 stellingen over het brein en hoe dat 
betrokken is bij leren. Hierin waren 15 neuromythen opgenomen. Uit de resultaten bleek 
dat docenten gemiddeld 49% van de neuromythen geloofden, en dan met name mythen 
die gerelateerd waren aan commerciële onderwijsmodules. Ongeveer 70% van de 
algemene kennisvragen over het brein werd juist beantwoord. Docenten die populair 
wetenschappelijke tijdschriften lazen behaalden een hogere score op deze algemene 
kennisvragen. Echter, hoe groter de algemene kennis, hoe vaker de docenten in de 
mythen geloofden. Dit suggereert dat docenten die enthousiast zijn over de toepassing 
van neurowetenschap in de onderwijspraktijk, het vaak lastig vinden om te differentiëren 
tussen wetenschap en pseudowetenschap. Een grotere algemene kennis over het brein 
bleek geen beschermende factor voor het geloven in neuromythen. Dit geeft aan dat 
interdisciplinaire communicatie noodzakelijk is om het ontstaan van misverstanden in de 
toekomst tegen te gaan, en om een succesvolle samenwerking op te kunnen zetten tussen 
neurowetenschappers en onderwijsprofessionals.  
Hoofdstuk 6 onderzocht hoe groot de kennis van biologiedocenten in het voortgezet 
onderwijs was over het onderwerp ‘Brein & Leren’. Daarnaast werd geëvalueerd welk 
effect een lesmodule over ‘Brein & Leren’ had op de kennis van docenten en op de ideeën 
die leerlingen hadden over leerpotentieel. De module bestond uit drie lessen over 
hersenontwikkeling, plasticiteit (veranderlijkheid) van het brein en leren. Deze lessen 
werden uitgevoerd door 40 biologieleraren die geïnteresseerd waren in het onderwerp, bij 
klassen uit de onderbouw havo/vwo. Het onderzoek had een wachtlijst-controle design. 
Dit betekent dat docenten aan de start van het project in twee groepen werden verdeeld. 
Eén groep docenten startte direct met de lesmodule (de interventiegroep), terwijl de 
andere groep (de wachtlijst-controlegroep) pas met het project mocht beginnen als de 
eerste groep de module had afgerond. De evaluatie vond plaats op het moment dat de 
interventiegroep (18 docenten; 456 leerlingen) het project had afgerond, en voordat de 
wachtlijst-controlegroep (22 docenten; 785 leerlingen) met het project was gestart. De 
evaluatie bestond uit het invullen van online vragenlijsten, door docenten en hun 
leerlingen. Voorafgaand aan de lesmodule bleken docenten minder te weten van 
breinfuncties en hersenontwikkeling (47% van de vragen correct) dan van de structuur van 
het zenuwstelsel en het brein (78% van de vragen correct). Docenten die de lesmodule 
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hadden geïmplementeerd, hadden significant meer kennis van hersenfuncties en 
hersenontwikkeling (65% van de vragen correct) dan docenten die nog niet met het 
materiaal hadden gewerkt. Leerlingen die de lesmodule hebben gevolgd gaven significant 
vaker dan leerlingen uit de controlegroep aan dat zij intelligentie zagen als iets wat zeer 
veranderbaar is (29% vs 21%). Sterke ideeën over de veranderbaarheid van intelligentie 
zijn in eerder onderzoek gerelateerd aan hogere schoolprestaties. Al met al suggereert dit 
onderzoek dat de lesmodule effectief was in het vergroten van de kennis van docenten 
over dit onderwerp en in het promoten van effectieve ideeën over intelligentie. Daarnaast 
werd het zowel door docenten als leerlingen positief beoordeeld. Daarom zou een 
dergelijke lesmodule een waardevolle toevoeging kunnen zijn aan het huidige 
biologiecurriculum.  
 
Een neuropsychologische interventie voor de onderwijspraktijk 
Deel twee van dit proefschrift, Hoofdstuk 7 t/m 12, is gewijd aan de ontwikkeling, 
implementatie en evaluatie van een neuropsychologische interventie in een schoolse 
omgeving. Deze nieuwe neuropsychologische interventie genaamd Leer het brein kennen 
heeft als hoofddoel om zelfregulatie vaardigheden te verbeteren bij jong adolescente 
jongens (12-14 jaar). Veel jongens in deze leeftijdscategorie worden namelijk gekenmerkt 
door impulsief gedrag, verhoogde afleidbaarheid en moeite met plannen. Eén van de 
mogelijke verklaringen hiervoor is dat de hersengebieden die verantwoordelijk zijn voor 
het sturen van gedrag, pas laat in de adolescentie ontwikkeld zijn. Om deze ontwikkeling 
te stimuleren, zijn interventies nodig die adolescenten leren om doelgericht gedrag uit te 
voeren.  
 
Inhoud van de interventie 
De neuropsychologische interventie die in de proefschrift beschreven staat, bestaat uit 
drie componenten: 1) psychoeducatie (uitleg) over het brein en verschillende cognitieve 
functies die belangrijk zijn voor leren (aandacht, planning, impulsiviteit, geheugen), 2) het 
aanleren van een strategie om doelgericht gedrag te stimuleren, en 3) groepsdiscussies 
waarin ervaringen worden uitgewisseld en geoefend wordt om op het eigen gedrag te 
reflecteren. Interventiegroepen bestaan uit maximaal 8 jongens, geleid door twee 
docenten die hiervoor van tevoren training hebben ontvangen. De interventie werd 
stapsgewijs ontwikkeld, in nauwe samenwerking met vier scholen voor voortgezet 
onderwijs.  
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Effectiviteit van de interventie 
Het onderzoek naar de effectiviteit van de interventie werd uitgevoerd bij 80 jongens uit 
de brugklas en tweede klas van havo/vwo. Deze jongens hadden relatief meer moeite met 
zelfregulatie dan hun klasgenoten. Zij werden willekeurig toegewezen aan ofwel de 
nieuwe neuropsychologische interventie, ofwel de controle interventie (standaard 
huiswerkbegeleiding). Om het interventie-effect te bepalen, werd hun prestatie op 
cognitieve taken (aandacht, geheugen, snelheid) gemeten op verschillende 
tijdsmomenten: vooraf, direct na deelname en drie maanden na deelname aan de 
interventie. Bij de jongens in de brugklas werd na afloop van de interventie aanvullend 
een interview gehouden, om een beeld te krijgen van hun ervaringen. De resultaten lieten 
geen groepsverschillen zien op cognitieve taken (aandacht, geheugen en snelheid) of 
cognitievragenlijsten ingevuld door docenten, ouders en de jongens zelf. Beide 
interventies leidden tot vooruitgang op deze maten over tijd. De interviews toonden 
echter dat de ervaringen van beide groepen sterk uiteenliepen. Leerlingen uit de 
neuropsychologische interventie rapporteerden een vooruitgang in kennis en 
vaardigheden. Daarnaast toonden zij inzicht in hun eigen sterktes en zwakten. De groep 
die huiswerkbegeleiding had gevolgd rapporteerde daarentegen met name vooruitgang 
wat betreft het afronden van hun huiswerk en het maken van een planning. Deze 
resultaten suggereren dat deelname aan Leer het brein kennen waarschijnlijk meer lange 
termijn voordelen biedt. Het geeft de jongens inzicht en handvatten om hun leergedrag te 
optimaliseren. Herhaalde oefening met de tips uit deze interventie is echter essentieel om 
op lange termijn veranderingen te kunnen meten in cognitieve prestatie. Dit onderzoek is 
de eerste stap richting de ontwikkeling van een interventie die waarde heeft voor de 
onderwijspraktijk. Het laat zien hoe wetenschap en praktijk kunnen samenwerken en hoe 
dit kan leiden tot de ontwikkeling van gefundeerde nieuwe onderwijsmethoden.  
 
Conclusies van dit proefschrift 
De belangrijkste conclusies van dit proefschrift en suggesties voor vervolgonderzoek staan 
beschreven in Hoofdstuk 13. Het onderzoek beschreven in dit proefschrift benadrukt dat 
leeftijd en geslacht belangrijke bronnen van variabiliteit in schoolprestatie zijn tijdens de 
vroege adolescentie. Verder laat het onderzoek zien dat neuropsychologische inzichten 
vertaald kunnen worden naar werkbare interventies voor scholen. Dit proefschrift 
benadrukt het belang van interdisciplinaire communicatie om progressie te maken in het 
veld van Brein, Leren en Educatie. Wetenschappelijk onderzoek vindt plaats onder 
gecontroleerde omstandigheden, terwijl de dagelijkse onderwijspraktijk juist gekenmerkt 
wordt door variabiliteit. Daarom is het bij het selecteren van de beste onderwijsmethoden 
noodzakelijk dat wetenschappelijke evidentie telkens getoetst wordt aan de praktische 
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kennis en ervaringen van docenten. De uitkomst van het leerproces is niet alleen 
afhankelijk van cognitieve capaciteiten, maar ook van vaardigheden, motivatie en de 
houding ten opzichte van school. Daarom zou het waarschijnlijk beter zijn om de 
kenmerken van de lerende adolescent, in plaats van de inhoud van het curriculum, het 
uitgangspunt te laten zijn bij het ontwerpen van onderwijs. Toekomstig onderzoek zou 
zich kunnen richten op het stimuleren van docentprofessionalisering, het ontwikkelen van 
interventies voor schoolse settings en het ontwikkelen van valide uitkomstmaten voor dit 
soort toegepast onderzoek. Op deze manier kan een school geleidelijk veranderen in een 
dynamische leeromgeving, waarin zowel leerlingen als docenten optimaal gestimuleerd 
worden tot leren.  
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